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6. Abstract one hundred seventy-five (175) Type HS40-7 sealed silver-zinc cells were 
fabricated in lots of thirty-five (35) cells each* These cells were filled, given 
formation cycles and sent to NASA LeRC. Two (2) ceils were retained to be used as a 
control group during the cell testing portion of the program performed at Yardney. 

Six C6) groups of experimental 40AH sealed silver-zinc cells were fabricated. The 
four (4) cells of each group contained one variation from the standard configuration 
(HS40-7) celli These variations included positive electrodes made the Yardney con- 
tinuous process rolling mill technigue, separator fabrication process changes, and the 
substitution of Yardney KT Mat (YIFL-li) for the normally used negative absorber. 

These experimental cells were given formation cycles and, with the exception of ten 
(10) cells selected for the cell testing program, were shipped to NASA LeRG. 

Two (2) cells from each of five (5) experimental cell groups plus two {2) cells of the 
standard- confi gurat ion were gl^ren test .cycles, tc rhararstpri .the voltage and. capaetty , 
performance of the cells at various discharge rates. The test cells were then sub- 
jected to 100% p.GD Cycle Life Testing 'at 22°C using automatic cell cycling equipment. 
The results i\he testing performed indicate that material and/oir process variations 
are available which will improve both performance and cycle life of the existing 40 
ampere-hour sealed silver- zinc cell conf iguration . The average cycle life to 50% loss 
of nominal capacity in ceils from two .(.2) of the experimental, groups was 150 - 165 
: cycles, 

A series of 12 ampere-hour cells was fabricated and tested as part of a developinental 
program to incorporate the 40 aN sealed silver-zinc cell fabrication technology into a 
cell of smaller size. Base-line configuration cells and experimental variations were 
produced, using the HS40-7 cell fabrication and processing methods adapted. to the 

smaller cell size. One hundred twenty (120) cells were given formation cycles and, 
i with the exception of twelve (12) cells selected for the cell testing program, were 
shipped to NASA Lewis Research Center, 

j 

I (2) base-line eonf iguratiori cells and. two (2) cells from each of five (5) groups 

I of experimental ceils were given test cycles to determine their voltage and capacity 
I characteristics at various discharge rates. The cells were then subjected to 100% 

DQD Cycle Life Testing at 22°G. The results of tests on these 12 ampere-hour cells 
indicate that sealed silver- zinc cells using inorganic separators with a nominal cap- 
acity of less than 40 ampere-hours couDd be designed and fabricated and would give 
performance comparable to the HS 4.0-7 cell when operated at comparable current 
densities . 

All of the fabrication and testing performed during this Ehase II Program was accom- 
plished in the Sealed Silver-Zinc Production Facility established at Yardney Electric 
Division, Pawcatuek, Connecticut under NASA Lewis Research Center Contract NAS3-16805, 
Phase I. NASA Contractors. Report eR-134591, entitled "Development and Fabrication of 
Sealed Silver-Zinc Cells" describes the work accompliaheCl in Phase I, 
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SUMMARY 


One hundred seventy-five (175) Type HS40-7 sealrd silver- 
zinc cells were fabricated, in lots of thirty-five (J5) cells 
each. These cells were filled, given formation cycles and 
sent to NASA LeRC. Two (2) cells were retained to be used as 
a control groiip during the cell testing portion of the program 
performed at Yardney. 

Six (6) groups of experimental 4QAH sealed silver-zinc 
cells were fabricated. The four (4) cells of each group con- 
tained one variation from the standard configuration (HS40-7) 
cell. These variations included positive electrodes made by 
the Yardney continuous process rolling mill technique, separ- 
ator fabrication process changes, and the substitution of 
Yardney KT Mat (YIFL-II) for the normally used negative ab- 
sorber. These experimental cells were given formation cycles 
and, with the exception of ten (10) cells selected for the 
cell testing program, were shipped to NASA LeRC. 

Two (2) cells from each of five (5) experimental cell 
groups plus two (2) Cells of the standard configuration were 
given test cycles to characterize the voltage and capacity 
performance of the cells at various discharge rates. The test 
cells were then subjected to 100% DOD Cycle Life Testing at 
22°C using automatic cell cycling equipment. The results of 
the testing performed indicate that material and/or process 
variations are available which will improve both performance 
and cycle life of the existing 40 ampere-hour sealed silver^ 
zinc cell configuration. The average cycle life to 50% loss 
of nominal capacity in cells from two (2) of the experimental 
groups was 150 - 165 cycles. 

A series of 12 ampere-hour cells were fabricated and 
tested as part of a developmental program to incorporate the 
40AH sealed silver-zinc cell fabrication technology into a 
cell of smaller size. Base line configuration cells and exper- 
imental variations were produced using the HS40-7 Cell fabrica- 
tion and processing methods adapted to the smaller cell size. 
One hundred twenty (120) cells were given formation cycles and, 
with the exception of twelve (12) cells selected for the cell 
testing program, were shipped to NASA Lewis Research Center. 

Two (2) base line configuration cells and two (2) cells 
from each of five (5) groups of experimental cells were given 


* 


test cycles to determine their voltage and capacity character- 
istics at various discharge rates. The cells were then sub- 
jected to 100% DOD Cycle Life Testing at 22 *C. The results of 
tests on these 12 ampere-hour cells indicate that sealed silver- 
zinc cells using inorganic separators with a nominal capacity 
of less than 40 ampere-hours could be designed and fabricated 
and would give performance comparable to the HS40-7 cell when 
operated at comparable current densities . 

All of the fabrication and testing performed during this 
Phase II Program was accomplished in the Sealed Silver-Zinc 
Production Facility established at Yardney Electric Division, 
Pawcatuck, Connecticut under NASA-Lewis Research Center Con- 
tract NAS3-16805, Phase I. NASA Contractors Report GR-134591, 
entitled "Development and Fabrication of Sealed Silver-^Zinc 
Cells" describes the work accomplished in Phase I. 


INTRODUCTION 


Over the past several years NASA-Lewis Research Center 
has promoted the development of sealed silver-zinc battery 
cells by funding programs with private contractors in the 
battery and related industries. 

Under one of these NASA funded programs, McDonnell-Douglas 
Corporation's Astropower Laboratory developed and fabricated a 
40 ampere-hour sealed silver- zinc rechargeable cell which con- 
tained essentially inert separator materials and electrolyte 
absorbers. Their development of semi-flexible inorganic sep- 
arator material 3420-255’MA, was a significant contribution to 
sealed silver- zinc battery cell technology. 

In 1970, McDonnell'^Douglas elected to discontinue opera- 
tions at Astropower Laboratory in Newport Beach, California. 

In 1972, NASA-Lewis Research Center funded, under Contract 
NAS3-16805, Phase I, the establishment of a 300 square meter 
production facility at Yardney Electric , Yardney Electric 
Corporation in Pawcatuck, Connecticut. This facility was de- 
signed, constructed, equipped and operated for the continued 
utilization of the technology developed and documented by 
Astropower Laboratory. AS part of the same program, a quantity 
of 40 ampere-hour sealed silver-zinc cells. Type HS40-7, was 
fabricated and tested in this facility under carefully con-^ 
trolled fabrication and processing conditions. The results of 
the testing performed on these cells indicated that the trans- 
fer of technology from Astropower Laboratory to Yardney Elec- 
tric Division had been accomplished successfully under guid- 
ance and funding by NASA-Lewis Research Center. 

NASA-Lewis Research Center continued to fund programs to 
support its on-going evaluation of cell components, especially 
inorganic separators, for sealed silver-zinc battery cells. 

One such program involved the fabrication and testing of 
standard and experimental 40 ampere-hour and experimental 12 
ampere-hour sealed silver-zinc cells. 

It is the purpose of this report to describe the fabrica- 
tion and testing of standard and experimental Sealed silver- 
zinc battery cell configurations in NASA's facility at Yardney 
Electric Division, Yardney Electric Corporation, Rawcatuck, 
Connecticut, under NASA funding on Phase II of Contract NAS3- 
16806. 


TASK I - CELL MANUFACTURING (HS40-7 CELLS) 


1. Objective of Task 


To fabricate, form, finish and deliver one hundred seventy- 
five (175) forty ampere-hour (40AH) sealed silver-zinc cells 
using inorganic separator, cell Model HS40-7, in accordance with 
the drawings , specifications and procedures supplied by NASA 
Lewis Research Center. The one hundred seventy-five (175) cells 
to be fabricated in five (5) separate lots of thirty-five (35) 
cells each. 

2. Cell Materials 


2.1 The conductor material for the positive electrodes was 
Exmet product 3Agl0-3/0 in a roll width of 9.16cm i 0.38mm. 

The long way of the diamonds (LWD) was parallel to the width of 
the coil. In fabricating the electrode grid, it was necessary 
to make only one (1) cut to obtain the grid width dimension of 
7 .01/7 . 09cm. 

2.2 The conductor grid material for the negative electrodes 
was Exmet product 5Ag38-l/0 DISTEX in a roll width of 15.24cm 1 
0 . 76mm. 

2.3 The conductor tab material for botli the positive and 
negative electrodes was fine silver strip, 0.64cm wide x 0.15mm 
thick. Each electrode used a tab strip length of 7.62cm. 

2.4 The active positive electrode material was silver pow- 
der, Handy & Harman product "Silpowder 130", purchased in accord 
ance with Drawing No. 1D12572 and Handy & Harman product speci- 
fications for "Silpowder 130". 

2.5 The zinc oxide used for the negative electrode mix was 
the Horsehead brand manufactured by the New Jersey Zinc Company 
and conformed to the specifications of USP-12. The zinc oxide 
was packaged in plastic lined paperboard boxes containing 22.7Kg 
of powder. 

2.6 The mercuric oxide used as the inhibitor in the nega- 
tive electrode mix was analytical reagent grade red mercuric 
oxide as manufactured by Mallinckrodt Chemical Works. 

2.7 The electrolyte used was a 45 percent (45%) solution of 
potassium hydroxide, "Baker Analyzed" reagent grade packaged in 
one (1) pint, sealed polyethylene bottles. One (1) pint of this 
electrolyte was sufficient to fill four (4) of the type HS40-7 
cells. 
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2.8 The Allbond epoxy and the RB3-1 epoxy used to seal the 
cell terminal hardware to the cell cover and also to top pot the 
cell was purchased from Bacon Industries, Inc. in kit form, each 
k: t containing 0.5 liter of resin and 0.5 liter of hardener. 

2.9 The inert material used for the sling, to aid in posi- 
tioning the cell stack inside the cell case, was Teflon film, 
0.13mm thick x 8.25cm wide. 

2.10 The three (3) sizes of Parker "0" rings were made of 
Compound E-540-8, which is ethylene-propylene, and the "0" rings 
were shipped without preservatives, which might have interfered 
with proper sealing when used in the terminal assembly CB502709, 

2.11 The semi-tubular rivets, used to attach the electrode 
tabs to the underside of the cell terminals, were produced of 
COHSIL 901 (coin silver) wire, Q.30cm in diameter, on a standard 
rivet machine. 

2.12 The terminal casting, from which the finished terminal 
was machined, was made by centrifugally casting molten coin sil- 
ver. These parts were cast using Tool No. T12-0001 and conformed 
to Drawing No, CB502712. Prior to machining, all castings were 
100 percent (100%) X-rayed, a precaution taken to avoid machin- 
ing castings with voids and similar defects. The castings were 
machined to specifications and gold-plated per Specification 
MIL-G-45204B (27 March 1967), Type I, Grade A, Class 1. 

2.13 The metal washer used in the terminal assembly was 
fabricated from li59cm diameter coin silver rod. It was machined 
to conform to Drawing No. CB502711 and was gold-plated per MIL- 
G-45204B (27 March 1967) , Type I, Grade A, Glass 1. 

2.14 The jam nuts used to secure the terminal assembly were 
fabricated from 1.11cm hexagonal coin silver rod. These parts 
were machined to conform to Drawing No. 1D12512 and were then 
gold-plated per Specification MIL-G-45204B (27 March 1967) , 

Type I, Grade A, Class 1. 

2.15 The cell eases were furnished by NASA Lewis Research 
Center. Each cell case conformed to NASA Drawing 1D12556 and 
was injection molded of glass fortified grade 534-801 natural 
polyphenylene oxide. Liquid Nitrogen Processing Corporation 
product NF-1006, with 30 percent (30%) glass content. 

2.16 Molded cell covers, per Drawing 1D12509, were supplied 
by NASA Lewis Research Center. These covers were injection 
molded of the same material used for the cell cases. Each cover 
was supplied with a plug per Drawing 1D12510 which was injection 


molded of the same material, 

3. Negative Electrode Fabrication 

3.1 Each Model HS40-7 cell contained five (5) negative elec- 
trode assemblies consisting of a pressed zinc oxide powder elec- 
trode contained inside a fuel cell grade asbestos bag coated with 
a ceramic separator composition. 

3 . 2 The negative conductor grid consisted of expanded sil- 
ver mesh, Exmet product DISTEX 5Ag38-l/0, cut to 7.06cm x 9.12cm 
and welded to a fine silver strip tab, 0,64cm width x 0.13mm 
thick. The expanded mesh pieces and the cut silver tabs were 
degreased in an ultrasonic cleaner using acetone as the cleaning 
agent. Following the ultrasonic cleaning, the excess acetone 
was shaken off and the parts were allowed to air dry. Using a 
locating fixture to properly position the tab in relation to the 
grid, the tab was welded to the DISTEX grid, using a 50 KVA re- 
sistance welder with tungstenite welding tips. Four (4) spot 
welds secured the tab to the conductor grid to form the negative 
conductor grid sub-assembly. 

3.3 The powder mix used in the negative electrode was pre- 
pared in batches containing 3,920 grams of zinc oxide and 80 
grams of mercuric oxide . These materials were added to both con- 
tainers of a twin cone blender, alternating small amounts of each 
material so that the mercuric oxide was somewhat dispersed 
throughout the zinc oxide during the loading of the twin cone 
blender. The material was then mixed in the blender for sixty 
(60) minutes, removed from the blender and transferred to a stain- 
less steel tray, which was then placed in a Despatch oven and 
allowed to dry overnight at approximately 70°C. A sample of the 
negative mix was then analyzed to determine the actual mercuric 
oxide content, using a titration method with potassium thiocyanate 
and ferric indicator solution. All batches used met the require- 
ment of 1.80 - 2.20% mercuric oxide. The exact analytical method 
is described in "Treatise on Analytical Chemistry" by Kolthoff 
and Elving, Fart II, Volume 3, pages 306 - 308. 

3.4 Each negative electrode used two (2) absorber layers 
cut from potassium titanate paper furnished to the contractor by 
NASA Lewis Research Center. The particular material was coded 
product LPM174-67 and was manufactured by the Mead Corporation. 
Each absorber layer measured 7.G6cm x 9.14cm. 

3.5 In fabricating the negative electrode, 30.1 grams of 
negative mix was weighed out. Using the negative electrode mold, 
one (1) piece of potassium titanate paper was placed in the bot- 
tom of the mold. Fifty percent (50%) of the volume of negative 
mix was then poured into the mold on top of the potassium titanate 


paper. This mix was then spread evenly with a tamping tool. 

Next, a collector-grid assembly was positioned in the mold so 
that it would lie flat on the mix; then the remainder of the mix 
was poured on top of the collector-grid assembly and again spread 
evenly, using a tamping tool. A second piece of potassium titen- 
ate paper was placed on the top of the mix in the mold followed 
by positioning of the top punch into the mold. The filled mold 
was then positioned between the platens of a hydraulic press and 
pressed at 36,000 Kg. to compact the negative electrode mix 
around the collector-grid assembly. 

3 . 6 Each electrode was measured to determine that the width 
was 7.11cm i 0.38mm, that the length was 9.21cm i 0.38mm, that 
the thickness was in the range of 0.22 - 0.23cm and the weight 
was in the range of 37.8 - 39.0 grams. All negative electrodes 
used in assembling HS40-7 cells conformed to the above require- 
ments . 

3.7 Following acceptance of each electrode on the basis of 
dimensions and weight, a plastic sleeve was positioned over the 
electrode tab and a numbered identification tab was attached to 
the end of the tab. Negative electrode sub-assemblies in this 
condition, together with appropriate traceability data, were 
stored in plastic boxes to await subsequent operations. The 
edges of acceptable electrodes were reinforced by a light appli- 
cation of a two percent (2%) solution of polyphenylene oxide 
(PPO) in chloroform. 

4. Positive Electrode Fabrication 


4.1 Each Type HS40-7 cell contained six (6) positive elec- 
trodes. Each positive electrode contained 23.0 i 0.1 grams of 
silver powder (product "Silpowder 130") and the completed posi- 
tive electrode sub-assembly weighed from 25.2 - 25.6 grams. 

Each electrode measured 9.21cm x 0.69 - 0.74mm thickness. 

4.2 A positive electrode conductor-grid sub-assembly was 

fabricated by welding a fine silver strip, 7,62cm long and 0.64cm 
wide X 0.13mm thick, onto a rectangular silver mesh grid, Exmet 
product 3AglG-3/0, cut to 7.05cm x 9.11cm dimensions and ultra- 
sonically cleaned in acetone. A locating fixture positioned the 
silver tab accurately in respect to the conductor -grid prior to 
the application of three (3) spot welds to complete this sub- 
assembly. ' 


4.3 The positive electrode assembly fabrication was accom- 
plished by evenly distributing 23 grams of "Silpowder" around 
the conduct or -grid sub-assembly in matched metal molds and press- 
ing to the specification thickness in a 91,000 kilograms hydraul- 


ic press. 


4.4 Following the pressing operation,, each positive elec- 
trode sub-assembly was dried at 125°C for one (1) hour to remove 
any residual moisture prior to the sintering operation. 

4.5 The dried positive electrode sub-assembly was then sin- 
tered at 650°C for a period of four (4) minutes. This sintering 
produced a strong mechanical bond due to physical coalescence of 
the particles of "Silpowder 130" to each other and, due to the 
cementing action of the sintering process, resulting in binding 
of the powder particles to the conductor-grid. 

4.6 It should be pointed out that the molding of the posi- 
tive electrode was done in a three (3) piece compression mold 
consisting of a base plate, a mold ring and a punch. During the 
pressing operation, the electrode components were pressed to a 
fixed dimension rather than using a pre-deterrained force. This 
was done to consistently control the thickness of the finished 
pressed electrode. 

4.7 Following the sintering operation, positive electrode 
sub-assemblies were given 100 percent (100%) inspection to elim- 
inate electrodes which might have mechanical defects, evidence 

Of Contamination or variance from dimensional and weight require- 
ments. Those electrodes passing the 100 percent (100%) inspec- 
tion had insulating sleeves applied to the tab and identifying 
serial numbers were attached to the tab at this point. 


5 . Separator Processing and Fabrication 

5.1 The processing and fabrication of inorganic separators 
for the ES4Q-7 cells was carried out in accordanee with propri- 
etary procedures supplied by NASA Lewis Research Center. 

The raw materials necessary to prepare and fabricate the sep- 
arators were supplied by NASA Lewis Research Center. 

6 . Assembly of HS4Q-? Cells 

6.1 The complete positive and negative electrode assemblies 
were stacked in the proper sequence with five (5) negative elec- 
trodes and six (6) positive electrodes Comprising a cell stack. 
Figure (3) shows a complete eieetrode stack inside a cell case 
using a Teflon film as a protective slihg to facilitate the in- 
sertion of the electrode stack into a gOII case. 



6.2 Tile tabs of the electrode stack were formed utilizing a 
"comb" assembly aid. The formed tabs were cut to length and a 
0.32cm diameter hole was punched in the center of the tab stack 
to provide a means of riveting the tab stack to the underside of 
the cell terminals - 

6.3 With the electrode stack still only partially inserted 
into the cell case, the electrode tabs were secured to the ap- 
propriate terminal tabs using a coin silver rivet which was 
turned over using a special rivet setter. The area of the con- 
neotions' between the electrode tabs and the cell terminals was 
given a protective coating of Allbond epoxy. After this epoxy 
had set, the electrode stack was pushed completely down into the 
cell case and the cell cover was then secured to the correspond- 
ing ledge inside the cell case. 

6.4 The cover was ultrasonically welded to the cell case, 
using a Branson Model 220C ultrasonic welder and a nesting fix- 
ture for properly positioning the cell directly beneath the horn 
of the ultrasonic welder during sealing. Prior to this opera-^ 
tion, the cell was placed in an oven that had been stabilized at 
100°C^ and allowed to remain in this oven for five {5) minutes. 

It was then transferred immediately from the even to the ultra- 
sonic welding fixture and welded, using settings, hold times and 
weld times previously determined to be appropriate for this piece 
of equipment. 

6.5 Following the ultrasonic welding operation, each cell 
was placed between restraining plates inside a cylindrical metal 
bomb and pressurized through a special fitting to S.SKG/cm^. In 
order for a cell to be acceptable, there could be no evidence of 
leakage during a ten (10) minute period at the 3.5Kg/cm3 level. 

6.6 After completion of the pressure test, the area between 
the inside seal of the cell case and the periphery of the cell 
cover was pre-sealed with a thin bead of RB3-1 Allbond epoxy 
which was then allowed to cure at room temperature for 16 - 24 
hours. 


7 . Fillihg and Formation of Cells 

7.1 The cells to be filled were first weighed to the near- 
est 0 . 1 gram in the dry state . The cells, the 45% solution of 
potassium hydroxide and all the equipment necessary to vacuum 
fill the cells were placed in a glove box which was flooded with 
dry nitrogen. One hundred and ten milliliters (110 ml) of elec- 
trolyte were carefully premeasured and introduced into the cell. 
The vented cell wa.s then placed in a vacuum chamber inside the 



glove box and a vacuum of 710 1 25mm of mercury was achieved in 
the chamber. This vacuum was maintained for thirty (3 0) seconds. 
The chamber was then allowed to return slowly to ambient press- 
ure. The filled and vacuumed cell was weighed again and the 
weight gain due to filling Was calculated to verify that the 
correct amount of electrolyte was present in the cell. The cell 
was restrained between two (2) steel plates l5,2cm x 11,4cm x 
6.4mm thick and secured using four (4) round head bolts, 5.7cm 
long, and wing nuts. The filled and restrained Cells remained 
in the nitrogen atmosphere during a soaking period of at least 
twenty-four (24) hours. Before removing the cell from the nitro- 
gen atmosphere, the molded vent plug was positioned loosely in 
the vent hole in the cell cover. 

7.2 Each cell was charged for the first formation cycle at 
a constant current rate of l.SA to a. voltage. While charging, of 
1.98 - 2,00 volts or until an input of 45 ampere-hours was 
achieved, whichever occurred first. The Cell Was Charged using 
a constant current power supply. Charging current was monitored 
using an ammeter with ^1.0% accuracy. Cell voltage was monitored 
using a 3-1/2 digit digital voltmeter with an accuracy of lo.l%. 
The cell voltage was recorded as a function of time during eharg-^ 
ing. The cell Gharging input capacity was calculated and record- 
ed. 

7 . 3 Each Gharged cell was Connected to formation discharge 
equipment capable of discharging and monitoring ten (10) cells 
simultaneously at rates between 0.5 and 10.0 amperes. Individual 
cell voltages were monitored using a cell selector switch and a 
digital panel voltmeter with -0.1% accuracy. Discharge current 
was adjusted using a Variable resistor. Currents were read on a 
panel ammeter with an accuracy of il . 0% . Individual cells reach- 
ing discharge end voltage were deleted from the circuit by means 
Of manually actuated switches. 

7.4 Each cell was discharged at a constant current rate of 
6.0A to a voltage, while discharging, of 1.00 volt. The cell 
discharge voltage was recorded as a function of time. The cell 
discharge output capacity was calGulated and recorded. 

7.5 Each cell was then low rate drained at a constant cur- 
rent of 2.0A to a voltage, while discharging, of 1.00 volt. The 
cell drain voltage was recorded as a function of timer The cell 
drain output capacity was calculated and recorded, 

7.6 The first formation cycle input capacity, discharge ca^ 
pacity and low rate drain capacity for each cell' is given in 
Tables I through V. 



to 


TABLE I 







FORMATION CYCLES DATA 
CELL TYPE HS40-7 
TASK I, LOT 1 


CELL 

TYPE 

RS40- 

7 


FORMATION CYCLE NO. 

1 



TASK; 
NO, ! 

LOT 
i or 
1 GRP- ' 
' ho. ! 

CELL 
. HO . 1 

i CHARGE 
; INPUT ! 

DISCHARGE ; 

OUTPUT ! 

|T0 1,00V ! 

DRAIN 
loUTPUT ; 
iro 1,00V; 

TOTAL 

OUTPUT 

i CHARGE 
' INPUT 

VOLTAGE 
AT END 
OF 

1 CHARGE i 



1 (HH ) 

: CAll) 

: CAU) 


HQIHHi 


1 

looi ; 

BFiin 

34.55 

1.26 

35.81 

45.no 

1,976 



•002 


34.44 

1,43 

35.87 

: 45.no 

1.975 



003 ; 


33,71 ' 

1.51 

35^,22 . 

45.00 

1 1,9 7-6 



004 


j 33.68 

1.51 

35.19 

= 45,00 

! 1.979 



005 


3=4.06 

1.0 5 

35.11 

• 4'5.00 

i 1.980 



006 


I 34 . 35 

: 1 * 31 

; 35.66 

4 5.00 

^ 1 , 981 



007 


33.83 

0.81 

34.64 

45,00 : 

1.97 5 



|008 

f 41.25 

3'5,. 00 

0.R5 

35.96 

45,00 ' 

1.974 



|009 * 

! 41.25 

35,06 j 

iv09 

36,15 

45.00 

1.977 ; 

! 


010 * 

: 41.25 

34,96 

0:. 82 

35.78 

45,00 

1.974 ! 



foil 

: 43,50 

38'.I5 

0 . 89 1 

39.04 

. 45*00 

; 1.972 



012 

. 43. SO 

30!, 25 

1.06 

1 39.31 


1,9'81 



013 

43.'50 . 

1 37.82 

= 1.22 

j 39.04 

45 . nr: 

1,979 



014 i 

43.50 

i 38 , 13 

: 1.03 

! 39.21 i 

45>00 

1.978 



015 1 

43.50 

38,36 

: 0,90 

39.26 : 

45,00 1 

1.975 



.016 j 

45.00 

39.62 

f:.77 

• 40.39 : 

j 45.00 j 

i.982 



1017 

i 415.00 

39 .. 33 

0,05 

4^0.18 

4'5..00 

1.987 



l oia ^ 

1 4'5.00 

39.39 1 

0,76 , 

40.15 ' 

; 45.00 

! 1.981 



019 

; 4'5.0:0 i 

39.07 1 

1.10 1 

40,17 

: 45,00 

1.98 2 



020 

i 4'5.00 

39.29 

: 0.64 I 

39,93 

^ 4'5,00 

1.980 


1 1 

021 i 

42,00 : 

34^95 

. 2,32 i 

37,27 ;| 

4'5.0a 

1.971 



022 

42 , 00 • 

' 35.52 

: 1.75 i 

' 37,27 i 

45.00 i 

1.974 



.023 1 

1 42.00 

36.27 

. 1 . 20 ; 

1 37.47 ! 

45.00 

1.978 



= 024 ' 

42.00 

3,6.50 

1.03 

! 37,53 

45,00 

1 1.978 



025 


36.39 

1.06 

j 37.45 

1 45,00 . 

1.9 76 ! 



0 26 


34.42 

1,38 

35.80 

45.00 

: 1,985 ! 



027 . 

: 41.. 25 

34 . 59 1 

1.06 

35,65 

• 45.00 

• 1.986 



.020 

= 41,. 25 I 

M,57 

1*98 , 

35.55 

4'5.00 

^ 1.986 



:029 

41.25 ! 

3'4.33 ' 

^ 1,45 

1 35 .. 78 : 

4'5.00 

1.987 



1030 1 

41 . 25 : 

1 34.07 

; 1.58 

1 35,. 65 :■ 

4'5.00 j 

: 1.991 



jo 31 ^ 

I 44.25 

1 3,8.42 • 

0*98 

! 39 . 40 ! 

4'5.on 

: 1.9=80 



*032 i 

1 4 4.25 

37*84 

“ 1. 51 

39 . 25 

! 45.00 

: 1.97B 


^ 1 

033 ; 

44.25 

38.58 

1 0.80 

39,38 ; 

^ 4'S.OO 

i 1.997 


1 

034 ; 

i 44.25 

38.44 

0.91 

35,35 

: 45.00 

! 1.996 

I 

II 

^ 1 -i 

035 ^ 

i 

: 44.25 

38.67 

1.00 

1 

i.„M- 1 -i 

39.67 

45,00 

1.9-86 


POIU4Af?ION GlfGLE HO* 2 


DISCHARGE 
OUTPUT 
TO ni.OOV 


DlSeHARGE 

PLATEAU 

VOLTAGE 


DRAIH 
OUTPUT 
TO 1,00 V: 


TOTAL 

OUTPUT 


(AH) 


(V) 


CAH) 


41.40 

41.45 

41.62 
41.69 

41.44 
41.52 
41.32 
41.65 
41.77 

41.45 

41.89 

41 . 87 
41.85 
4'1,92 

41. 89 

42,09 

41.90 
42,28 
41,82 

41.63 
41.61 
41.56 

41.64 

41.88 
41.73 
41.93 

41.63 
42,17 

42,25 
42*23 
42.75 
4 2.58 
42.39 
42,54 

42.64 


1.4 84 
1.404 

1.484 

1.485 

1.483 

1.477 

1.478 

1.479 

1.481 
1.474 

1.481 

1.485 

1.483 

1.484 

1.478 
1.4'Bl 
1,470 

1.479 

1.481 

1.481 

1.482 

1.482 

1.484 

1.4 02 

1.482 

1.481 

1.483 

1.483 

1.483 

1.4 01 
1*484 

1.4 03 

1.481 

1.4 80 
1.476 


0.90 
0,66 
0.64 
0.70 
0.79 
0.63 
0.72 
0,55 
0.44 
0,66 
0..31 
0.23 
0.31 
0,26 
0.32 
0.43 
0.S3 
0.41 
0.55 
0.70 
0.51 
0 , 50 
0,28 
0,27 
0.36 
0,52 
0.78 
0.51 
0 . 40 
0 . 42 
0,51 
0.53 
0.63 
0.68 
0.51 


42,30 

42.11 

42.26 
42.39 
42.23 
4 2.15 

42.04 

42.20 

42.21 
42*11 

42.20 

42.10 
42,16 
42.18 

42.21 
42.52 
42.43 
42.69 
42.37 
4 2.33 

42.12 
42*06 
41,92 
42.15 
42.09 

42.45 
42.41 
4 2.74 

42.65 

42.65 

43.26 

43.11 
43.02 
43.-22 

43.13 





























TABLE il 


FORMATION CYCLES DA' 
CELL TYPE HS4Q-7 
TASK I, LOT 2 


P o 

; CELL 
i XVI^E 

KS4^0*1 

■ 


FORMATION GEGLE NO* 

1 



8 ^ ' 

Mi 

LOT ! 


■ ^ 
■ 

discharge 

DRAIN 



VOLTAGE 



or 

CELL i 

CHftRGE i 

OUTPUT 

OUTPUT 

TOTAL 

CHARGE 

AT END 


W^bM 

GRP. 1 

NO. ! 

INPUT ^ 

:TO l.OOV 

ITO 1,00V 

OUTPUT 

: INPUT 

OP 


HI 

:HO* 



■ 




CflARGR 


H 



1 






pH P 

■ 




HSSHII 

. (AH-) 

111 

HQSDH 

' (V) 

gfea 

H 

2 

036 

1 41.25 : 

35.93 

■■MM 

37.05 

! 45,00 : 

1,980 




037 : 

1 41.25 1 

35.63 


; 37,00 

1 45,00 

i 1,980 



038 ^ 

41.25 1 

i 3‘5. 62 


37.17 

45.00 

1,984 




033 1 

41.25 1 

3'5.12 

1.74 

36.86 

45 . 00 

1.986 




040 : 

41.25 

35.78 

1,26 

37.04 

45.00 

1.9R5 




04X 

: 42.75 

37.91 ; 

1.01 

38.92 i 

: 45.00 

1.977 




042 

: 42.75 

37,87 

: 0.9'8 

38.85 : 

: 45.00 ; 

1.973 




043 

; 42.75 

37.80 

1.11 

38.91 ' 

i il'O.OO 

1.973 




044 : 

' 42.75 

37.34 

^ 1.56 

3'8', 90 

45,00 

‘ 1.973 




045 ; 

36.00 ! 

30.51 

1.23 

31,74 

: 45,00 ' 

1 1,972 




:Q4;6 1 

39.75 

34.72 

1,21 

35.9 3 

45,00 

^ 1,973 




i04 7 i 

: 39.75 

34,61 

1.22 

35.83 

45,00 

i 1,974 




'040 

39.75 

35.50 

0,90 

35.90 

45.00 

1.978 




049 

; 39.75 

34.92 

1.03 

35,95 

46,00 

1.978 




050 

j 41,17 

' 35 . 29 


35,99 

. 4'S.OO i 

. 1.987 


’ 


051 ; 

1 39.75 

3'4'. 32 

: 1.20 , 

35,52 

, 45,00 i 

: 1,981 




^052 : 

! 39.75 ; 

34,59 


35.6 2 

45.00 

1.977 




1053 

39.75 j 

34 , 46 

1.13 

35,59 

! 45.00 

i 1.979 




054 j 

39,75 ' 

34.96 

1.25 

35,21 

^ 4'5,00 

: 1,904 




loss i 

39'. 75 

34.29 

1.15 

35,44 

4'5.00 

' 1.979 




1056 

: 4'0.L3 

35,42 

1.29 

3fi,7l 

45 , 00 

1,982 




!057 

40.13 

35> 80 

1.08 

36,88 

45.00 

1.980 




iQ5B 

: 36.00 

30,99 

0.98 

31,97 

. 45,00 

1,976 




059 ■ 

i 40.13 ' 

35,74 i 

1,11 ! 

36.85 ! 

4'5,00 

1,989 




ioeo 

i 40.13 

35,83 ! 

. 1.01 

36,84 ' 

4'5.00 

1.986 

j 


■| 

061 1 

: 40.50 ' 

34\97 ! 


35,97 

■ 45,00 

i 1.987 



1 

062 ^ 

40 . 50 j 

34,50 

^ 1.49 

35.99 

^ 45.00 

1,978 

i 


■ ' 

;063 

40.50 

34 , 11 1 

1.79 

; 35.90 

45,00 1 

^ 1,983 




iO.64 1 

40.50 i 

1 35.20 

0,91 

36,11 

45,00 

: 1,9^80 




065 ■' 

40.50 ' 

i 35.20 ‘ 

1.05 

. 36,25 . 

45.00 ; 

1,982 




066 

. 39.75 

i 33,85 

1.27 

35,12 

4'5.00 

1.988 




067 : 

39.75 

I 33.63 

1,47 

35.10 

4 5,00 

1.989 


1 


0 60 " 

; 39 . 75 

' 32.03 

2,73 i 

34.76 

45.00 

1.990 




069 ! 

1 39.75 1 

33,24 

: 2,35 

: 34,59 

45,00 

1,992 


I i 

2 

070 

1 39 . 75 ! 

32.32 

2.30 

34,62 

45.00 

1,989 


to 


rORMAiriOS GVCLE NO, 2 



DISCHARGE 
OUTPUT 
TO l.OOV 

DISCHARGE 
PLATEAU 
VOLTAGE . 

DRAIN 
OUTPUT 
|TO l.OOV' 

TOTAL 

Gl?TPUT 


(Afl) 

(V) 

(AK) 

(AH) 


42.01 

1.482 

0.43 

■MM 


: 42,06 

1.486 

i 0.39 



41,49 

1.485 

' 0.53 



41.93 

1.485 

0.51 



41.79 

1,476 

0,53 

i 42 . 32 


41.16 

1,482 

0.A3 

' 41.59 


^ 40.90 

1.483 

0,63 

! 41-53 


: 40.81 

1-483 

0.58 

1 41,39 


40.83 

1.483 

0,80 

41,68 


: 41,80 

1.4 80 

0.50 

42.30 


40,69 

1,485 

0,34 

41.03 


40.71 

1.481 

; 0,39 

41,08 


40,60 

1,406 

; 0.52 

41.12 


41.06 

1-483 

0.37 

, 41.43 


'41.70 

1,473 

0,13 

i 41.83 


4 2.22 

1.487 

0.34 

42,56 


; 41.95 

1.404 

0.37 

42.32 


' 42.07 

1.490 

0.46 

42.53 


42,32 

l,4-37 

0,44 

42.76 


41.96 

1.478 ! 

0,50 

42-46 


41,73 

1,475 1 

. 0.40 

42.13 


41.40 

■ 1.484 , 

0.44 

41,84 


41.65 

1.400 

’ 0.35 

42.00 


41.46 

1.483 

0.56 

: 42.02 


41,75 

1.481 

0,49 j 

42.24 


■ 41,45 

1,479 

0,64 1 

42.09 


41,75 

1.409 

0.39 

42.14 

j 

41,85 

1,466 i 

i 0.30 i 

42 . 19 


42.09 

1.492 1 

' 0,33 

42.42 


42,06 

1.492 ' 

' 0.31 

42.37 i 


42.88 

1.483 

0.45 

43.33 1 


4 2 . 94 

1.406 

0.52 

43.46 


42,80 

1.486 

0.56 

43-36 


! 42,91 

1.487 

0,44 

43.35 


; 42,68 

1,488 

0.71 

43.39 




























CELL 


HS40-7 


FORMATION GYGLE NO. 1 


TASK 
NO, , 


CELL 
■NO. ■ 

CHARGE 
1 INPUT : 


■ DRAIN { 
! OUTPUT 1 

jF 0 i,oov 

i 

TOTAL 

OUTPUT 


j (ftHI I 

i tAfI) : 

; (AM) 


: I 

3 

m 

36,00 i 

31.16 

; 0.83 - 

31,99 




36,00 

30 . 74 

1 1.19 j 

31.93 




1 36,00 

30.68 

^ 1.53 ' 

32,21 



074 i 

f 36,00 i 

; 31.14 

^ 1.03 ' 

32,17 



075 ; 

! 36.00 

31.05 

; 1.06 

32,11 



076 ! 

i 36.45 

32 :^0 

1.20 

. 33.30 



077 i 

j 36.00 

31.21 

1.13 ■ 

32.34 



079 : 

! 36. DO 

.31.45 

; 0.93 

32. 38 



079 i 

3B ,:05 i 

32 . 81 

: 1,20 

34.01 



^080 : 

36.45 ! 

32 . 70 

0.76 




081 1 

i 38.05 1 

32.71 

: 1,15 




^0.82 1 

: 38.05 

32.63 

1.20 

33,83 



|G83 1 

! 36.05 . 

32.78 

0,99 

33.77 



0.8:4 

1 38.05 

32.57 

1,23 

33.30 



lOBS 1 

36.00 : 

30'. 82 

1.25 

3:2.07 



lose 1 

36,00 ; 

i 30 . 56 

1.26 

31,82 



iOB7 1 

36.00 

31.03 

1.06 

3'2,11 



jMm 

36.. 0.0 

31.01 

1.13 

32,14 


i 

009 i 

36.00 , 

30 . 49 

1,39 

31.88 


1 

‘090 : 

36.45 ; 

31.80 

1.30 

33.10 



-091 

; 36.45 1 

31.92 

1.24 

33.16 



■092 

■ 36.45 ! 

31 . 83 i 

1..33 

33.. 16 



:093 

36.45 

31,94 1 

1,06 

33.01 



094 

; 36.45 

31.69 

1.40 

: 33.09 



095 

36,00 

31,73 

0 . 88 

1 32.61 



096 . 

■ 3'6.00 

31.72 1 

0 , 88 

32.60 



1097 ^ 

36> 00 

31.56 

0.95 

1 32.51 



5098 

: 34 . so 

30.06 

0.97 

: 31.03 



-0 99 ^ 

} 36.00 ^ 

1 31.44 

- 1.03 

! 32,47 



100 1 

36.22 

32.29 

■ 1.00 

33.29 



aoi 

36.22 

32,45 

0.83 

33,28 



102 

36.22 

32.45 

: 0.35 

33.30 



;i03 1 

36.22 ' 

32.33 

0.99 ' 

33,32 



iI04 

36.22 I 

32.21 

0,92 

33,13 

■ 

3 i 

-IDS 

36.45 ' 

31, B9 

1.23 

33.12 


































DISCHARGE DISCHARGE 
OUTPITT PLATEAU 
TO 1-OOV . VOLTAGE 


TOTAL 

OUTPUT 



41. 

17 

28. 

50 

28. 

50 

28. 

50 

41 

17 

^ 33. 

00 

: 33, 

00 

: 33 

00 ■ 

41. 

17 

’ 33 

00 

33 

00 

1 33 

00 

1 33. 

00 

' 33 

00 = 

1 33 

00 1 

33 

00 ; 

33 

00 

33 

00 ^ 

33 

00 J 

33, 

.00 I 

34, 

,‘50 1! 

34, 

.50 1 

41. 

.17 ! 

; 34. 

.50 

34, 

.50 

34, 

.50 

34 , 

.50 

! 34, 

. 50 

34 

.50 

34. 

.50 , 

37, 

.50 

37, 

.50 

37, 

.50 

37. 

.50 



36 

05 

25. 

14 

25. 

14 

25 

20 

36 

0:2 

27 

.91 

2fl 

22 

27, 

.83 

36. 

.35 

27, 

.43 

^ 20, 

.04 

; 20, 

.08 

1 20. 

.19 

1 20. 

.21 

29.24 


4S, 

00 : 

4‘5. 

.00 


00 ^ 

! 45. 

on ' 


00 

1. 45, 

00 

' 45. 

00 

45, 

00 : 

45, 

00 i 

4 5 

00 

4 5 

00 

45 

no 

45, 

00 

: 45, 

00 

45. 

00 

: 45. 

00 

45 

.00 : 

^ 45 

00 : 

^ 45 

00 

: 45, 

.00 

: 45, 

.00 

: 45, 

.00 

I 45. 

.00 

1 45. 

.00 i 

j 45. 

.00 

i 45. 

. 00 : 

i 45, 

.00 

j 45, 

.00 

i 45. 

.00 

1 45. 

,00 

: 45, 

.00 

45. 

.00 

45, 

.00 

■ 43, 

.00 


1, 

.9 87 

’ 1. 

.982 

: 1. 

.973 

1, 

.986 

1, 

.989 

1. 

.995 

1, 

.975 

^ 1. 

.997 

i 1, 

.988 

i 2, 

.009 

; 1 , 

.963 

1. 

.961 

1. 

.964 

1. 

.965 

1 

.9 64 


























FOmATIOl^ 

CELL 

TASK 


LOT i- 
or ,'CELL 
GRP,, : HO- 
NO. ^ 


FORMATION CYCLE NO. 1 


1 DtSCtlARGE 1 

DHAXM 

i CHARGE 

! OUTPUT 

OUTPUT . : 

1 INPUT 

; TO 1,00V 

TO 1.00\i ^ 

(All) 

I (Al!) 

1 <''"5 

! 31.50 ! 

‘ 27. 2G 


31,50 

27.50 i 


1 31.50 

j 27.44' 

1 0,69 = 

[ 31.50 

I 27.54 

i 0,67 = 

1 31,50 1 

27 . 4 8 

0.70 

36.00 

30,06 

1.34 ij 

36.00 
i 36.00 


1,64 ■: 

1,02 

I 36.00 

30.18 1 

1,10 

■' 36.00 1 

; 30,15 ' 

0.60 

37.50 ' 

32.19 

0.60 ! 

i: 37.50 

31.82 

i 1,03 " 

^ 37.50 

1 32.09 

0,73 ^ 

■ 37*50 

31.19 

1,03 

' 37,50 ^ 

32,09 

0.47 ii 

: 41. 25 : 

35.59 

0,76 i 

■ 41.25 

' 35.70 

: 0.73 ' 

: 40.50 

- 33,19 1 

0.83 i 

' 41.25 1 

• 35,19 

0.83 

1 41.25 ! 

35.49 

0.B6 

40.50 • 

34.80 

0.58 . 
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7.7 Following the completion of Formation Cycle No. 1, each 
vented cell was heat treated for twenty-four (24) hours at a tem- 
perature of 100°C while sealed in a cylindrical steel bomb. To 
minimize the presence of carbon dioxide, the bomb enclosure was 
purged with dry nitrogen prior to sealing. The pressure within 
the bomb and the temperature in the oven were recorded as a func- 
tion of time during the heat treatment. At the end of the twenty- 
four (24) hour period, the oven was turned off and allowed to 
return to room temperature. 


7.8 During the manufacture of Lot 1 and Lot 2 cells, an ex- 
periment was conducted to determine the approximate loss of water 
from the cell electrolyte during heat treatment for normal and ex- 
tended periods of time. Five (5) cells from Lot 1 (S/W*s 031 
through 035) were exposed to 100°C temperature, While enclosed in 
pressure vessels, for 196 hours. The loss in cell weight due to 
this elevated temperature exposure was between 1.9 and 2.3 grams 
with an average loss of 2.08 grams. The cells were brought back 
to their original weight by the addition of distilled water to 
each cell. Five (5) cells from Lot 2 (S/N's 036 through 040) were 
checked for weight loss during the normal 24 hours of heat treat- 
ment. The loss in cell weight for the cells of this group was 
between 0.8 and 1.4 grams with an average loss of 1.10 grams. 

7.9 Each cell was removed from the bomb and the cell vent 
was thoroughly cleaned of any electi^olyte residue. A molded vent 
plug was cemented into place in the threaded vent hole using All- 
bond Epoxy . 

7.10 The entire cell top cavity and the cell terminal hard- 
ware were thoroughly cleaned and dried. The cell top was then 
completely filled with Allbond Epoxy, The epoxy encapsulated the 
cell terminal washer, the vertical surfaces of the terminal nut 
and the top surface of the cell case. The epoxy was allowed to 
cure at room temperature for 16 - 24 hours. 

7.11 The sealed cell was given a second formation cycle using 
the same eguipment and procedures used in Formation Cycle No. 1. 
Cells delivering 40 ampere-hours output at the 6.0A discharge rate 
With a plateau voltage of 1.42 volts or higher were considered 
acceptable for shipment to NASA Lewis Research Center. Of the one 
hundred seyenty-five (175) ee; 11s given Formation Cycle No. 2, thir- 
teen (13) cells failed to deliver the required 40 ampere-hours 
discharge capacity output . All thirteen (13) cells were from Lot 

5 Which exhibited generally a lower discharge capacity output. The 
thirteen (13) cells were given an elevated teniperature soak for 48 
hours at 40°C after which a third formation cycle was performed. 
Eight (8) of the cells delivered the required discharge capacity 
output during the third formation cycle discharge. The remaining 



five (5) cells were given an additional elevated teiaperature 
soak for 48 hours at 40°C followed by a fourth fosnuation cycle. 
All five (5) cells gave the required discharge capacity output 
during the fourth formation cycle discharge. The results of the 
two (2) additional formation cycles are given in Table VI. A 
thorough review and analysis of cell material traceability, fab- 
rication, processing and inspection data indicate that the cause 
of the lower capacity in Lot 5 cells was an increase in the av- 
erage thickness of ceramic coating on separator bags. Coating 
thickness on cell Lot 1 through Lot 4 separator bags had averaged 
0.256mra and the average coating thickness for cell Lot 5 separa- 
tor bags was 0.267ram. 

7.12 The Formation Cycle No. 2 charge input capacity. Cell 
voltage at the end of charge, discharge output capacity, cell 
plateau voltage, and low rate drain capacity for each cell are 
given in Tables I through V. 


8 . Cell .Finishing and ghipment 

8.1 Following the second formation cycle, each cell was re- 
moved from its restraining fixture, weighed to the nearest gram, 
cleaned, inspected dimensionally and returned to its restraining 
fixture. Permanent polarity indication was marked on the top of 
the cell adjacent to the positive terminal. The cell case on 
the positive side was permanently marked with the cell assembly 
code date, the cell serial number, the cell type, the letters 
"NASA" and inspection status marking. The negative side of the 
cell Case was permanently marked with the cell filling date code 
and the words "YARDNEY ELECTRIC CORPORATION" . The final inspec- 
tion of each cell was then completed and each individual cell 
was packaged in a separate unit cell container designed to accom- 
odate a single cell restrained between two (2) steel plates. 
Several such unit cell packages were then packed in wooden crates 
for shipment. 

8.2 With the exception of two (2) cells {Lot 2, S/N 069 and 
070) all of the cells manufactured during the performance of 
this task were shipped to NASA Lewis Research Center. The ^ wo 
(2) cells noted above were used as a control group during the 
cell test program deseribed in Task IV of this report. 
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TASK II ~ CONSTRUCT TWENTY-FOUR (24) 4 EXPERIMENTAL CELLS 

1. Objective of Task 

The objective of this task was to construct six (6) groups 
of 40AH cells, each four (4) cell group containing one (1) vari- 
ation in cell materials or one (1) change in processing technique. 


2 . Cell Materials 

With the exception of the substitutions described under Cell 
Fabrication, the cell materials used in the groups of cells con- 
structed for this task were the same as those used in Task I 
cells . 

3. Cell Fabrication 


The fabrication and processing techniques used during the 
construction of the twenty-four (24) cells in this task were, 
wherever possible, the same as those used during the manufacture 
of the cells in Task I. The following discussion of the indivi- 
dual groups of cells points out those deviations necessitated by 
the incorporation of the various experimental modifications 
specified. 

3.1 Group 1 - The cells of this group used silver electrodes 
which were produced on the Yardney continuous process rolling 
mill. The silver powder used was Yardney Type HS which conformed 
to Yardney Specification YEC-207. The dimensions and the weight 
of the active material of these electrodes- was the same as the 
mold pressed electrodes produced in accordance with Drawing 

No. 1D12571. Two (2) pieces of 0.64cm wide x 0.10mm thick fine 
silver strip were welded onto the electrode, one (1) on either 
side, to effect Conductor tab attachment. A single piece of the 
heat shrink tubing was used to insulate the dual tabs on the 
electrode. 

3.2 G roup 2 - The experimental modification initially speci- 
fied for this group was the use of Handy and Harman "Silpowder 
130" in manufacturing positive electrodes by the Yardney contin- 
uous process rolling mill techniques. It was found, after some 
experimentation, that Silpowder 130 was not compatable with the 
rolling mill process. By technical direction from the NASA 
Project Manager, the modification was changed to the use of 
Yardney Type HC Silver pOwder. Other than the difference in sil- 
ver powder type, the electrode fabrication was identical to that 
of Group 1 . 

3.3 Group... 3 - An alternate method of impregnating sheets of 



0.25mm thick fuel cell grade asbestos was introduced into : he 
processing of separators for Group 3 cells. The sheet of asbes- 
tos was formed into a tube and slowly immersed, open end first, 
in the impregnating solution contained in a glass cylinder with 
approximately 6.5cm larger inside diameter than the diameter of 
the asbestos tube. The sheet was slowly withdrawn from the solu- 
tion and allowed to dry for a short period in moving air at room 
temperature while still formed into a tube . The tubes were then 
opened and the balance of the drying was done with the sheets 
hanging by one corner in moving air at room temperature. The im- 
pregnated (treated) sheets were processed by normal methods dur- 
ing the remaining separator fabrication. A control group of as- 
bestos sheets was impregnated by normal methods at the same time 
using impregnating solution and asbestos sheets from the same 
batches. A comparison of the materials produced by the two meth- 
ods showed almost no difference in percentage of weight gain in 
the asbestos material due to impregnation. It was noted, how- 
ever, that the asbestos impregnated by the normal method was con- 
siderably more hygroscopic than the "cylinder dip" impregnated 
material. 


3,4 Group 4 - The impregnating solution and ceramic filled 
slurry used to process and fabricate the separators for Group 4 
cells used trichloroethylene as the solvent. Trichloroethylene 
was substituted for chloroform on an equal volume basis. No sig- 
nificant difference was noted in any processing step leading up 
to the application of slurry to the asbestos bag. Difficulties 
were encountered during the slurry application process in that 
the cast coating on the bag had a tendency to crack. The crack- 
ing occurred in the area between the heat seal of the asbestos 
bag and the radii in the bag material where the bag was formed 
for electrode insertion. Attempts to eliminate the cracking by 
varying the slurry viscosity, and the concentration of solvent in 
the atmosphere in which the dipped bag was dried were to no avail 
By technical direction from the NASA Project Manager the defini- 
tion of the modification for the experimental cell group was 
changed. 


The revised definition of the process variation to be incor- 
porated in Group 4 cells called for the bagged positive and nega- 
tive electrodes to be given only one (1) dipping in the normal 
eeramlc filled slurry to achieve a coating thickness of 0.05 to 
0.07ram per side. The 0.55 to 0.83mm decrease in cell stack thick 
ness was compensated for by using two (2) additional 0.13mm thick 
Teflon film assembly strips on the outside of the cell stack. 

3.5 Group 5 - The fuel cell grade asbestos used to fabricate 
the separator bags for this group of cells was impregnated by the 
vendor. With this process already completed, the material was 
cut to separator bag size and processed in the normal manner. 



3.6 Group 6 - The negative electrodes fabricated for the 
cells of this group utilized an absorber mat manufactured by 
Yardney in place of the standard mat. The Yardney material used 
was Type YIFL-II made in accordance with Yardney specification 
YP-614 . Pieces of this material were pressed onto both surfaces 
of each negative electrode. 


4 . Cell Filling and Formation 


Each of the twenty-four (24) cells was filled and given for- 
mation cycles as described under Task I . The results of the two 
(2) formation cycles is given in Table VII. Upon completion of 
formation cycles, the cells were either shipped to NASA Lewis 
Research Center or transferred to the experimental cell evalu- 
ation program conducted under Task IV. Disposition of the 
twenty- four (24) cells was as follows: 


Group No. 


No.'s Shipped 
to NASA 


No.'s Retained 
for Testing 


1 

2 

3 

5 

6 


003 and 004 
002 and 004 
001 and 002 
001 through 004 

001 and 004 

002 and 003 


001 and 002 
001 and 003 
003 and 004 
None 

00 2 and 003 

001 and 002 


22 





ORIGINAIi PAGE iS 
jOF POOR QUALITY 


TABLE VII 


FORMATION CYCLES DATA 
EXPERIMENTAL 4§AH SEALED 
SILVER- ZINC CELLS, TASK II 
GROUPS 1 THROUGH 6 




























TASK III - 12 AMPERE-HOUR EXPERIMENTAL CELL FABRICATION 
X, Objective of Task 

The objective ^ f this task was to fabricate one hundred forty 
(140) 12 ampere-!-hour sealed silvern-zinc cells in groups of the 
size and experimental configuration specified or approved by the 
NASA Project Manager. 

2 . Cell Materials 

Except as noted in the discussion of experimental cell con- 
figurations, the materials used to fabricate the 12 ampere-hour 
experimental cells were the following: 

2.1 The conductor grid material for the positive electrodes 
was Exmet product 3Agl0-3/0. 

2 . 2 The conductor grid material for the negative electrodes 
was Exmet product 5Ag52-l DISTEX. 

2.3 The CGhductor lead material for both the positive and 
negative electrode conductor grid assemblies was fine silver 
wire, 0.4Qmm diameter. Four (4) strands of this material were 
attached to each conductor grid . 

2.4 The positive electrode active material was silver pow- 
der, Handy and Harman product "Silpowdef 130", purchased in 
accordance with Drawing No. 1D12572 and Handy and Harman speci- 
fications for Silpowder 130. 

2.5 The zinc oxide used for the negative electrode mix was 
the Horsehead brand manufactured by the New Jersey Zinc Company 
and conformed to the specifications of DSP'=^12. The zinc oxide 
was packaged in plastic lined paperboard boxes containing 22.7Kg 
of powder . 

2.6 The mercuric oxide used as the inhibitor in the negative 
electrode mix was analytical reagent grade red raercuric oxide as 
manufactured by Mallinckrpdt Chemical Works. 

2.7 The electrolyte used was a 45 percent (45%) solution of 
potassium hydroxide, "Baker Analyzed" reagent grade packaged in 
one (1) pint, sealed polyethylene bottles. One (1) pint of this 
eleGtrolyte was sufficient to fill twelve (12) of the 12 ampere-^ 
hour cells. 

2.8 The Allbond epoxy used to seal the cell terminal hard- 
ware to the ceil cover was purehased from Bacon Industries , Ino . 



in kit form, each kit containing 0.5 liter of resin and 0.5 liter 
of hardener. 

2.9 The inert material used for the sling, to aid in posi- 
tioning the cell stack inside the cell case, was Teflon film, 
0,13ram thick. 

2.10 The ceil case was molded to conform to Yardney Drawing 
No. 2569R-2. This part and the cell cover were molded using 30% 
glass fortified polyphenylene oxide. 

2 .11 The cell cover was molded to conform to Yardney Draw- 
ing No. 2570R-2. The molded cover was modified by machining the 
sides to create a 0.76mm wide x 0.38cm deep area around the cover 
for sealing compound. The cover vent hole was threaded to accept 
a sealing screw with a #8-32 thread. 

2.12 The terminal assembly consisted of three parts: 

- Yardney Part No. 2709-3, 1/4-28 screw terminal 
with No. 34 hole; 

- Yardney Part No. 2710-3, nut, hex 1/4-28; 

- Yardney Part No. 2711-3, washer for 1/4" terminal. 

These parts are machined or punched from brass stock and gold- 
plated per MIL-G-14548A, Type II, Class 1, over silver-plating 
per QQ-S-365, Type III. 

2.13 The epoxy used to encapsulate the area where the elec- 
trode leads enter the terminal hole was Type RB3-1, manufactured 
by Bacon Industries. 

2.14 The threaded sealing plug was machined from 0.95cm dia- 
meter NOryl rod stock, 

2.15 The compound used to effect a seal between the cell 
case and cell cover assembly was Yardney Type E-600 per Yardney 
Specification YEG1603. 

3 . Cell F^rication 

Exeept as noted in the disCusSioh of Experimental Cell Con- 
figurations , the 12 ampere-hour cells were f^ricated by the 
methods and to the dimensions described in this report section. 

3-1 Negative Electrode Fabrication 

3.1.1 Each 12 ampere-hour cell contained two ( 2 ) nega- 
tive electrodes consisting of negative mix, a conduetor grid 



assembly and negative absorber mats. 

3.1.2 The powder mix used in the negative electrode was 
prepared in batches containing 3, 92Q grams of zinc oxide and 80 
grams of raercuric oxide. These materials were added to both 
containers of a twin cone blender, alternating small amounts of 
each material so that the mercuric oxide was somewhat dispersed 
throughout the zinc oxide during the loading of the twin cone 
blender. The material was then mixed in the blender for sixty 
(60) minutes, removed from the blender and transferred to a 
stainless steel tray, which was then placed in a Despatch oven 
and allowed to dry overnight at approximately 7 0°C . A sample of 
the negative mix was then analyzed to determine the actual mer- 
curic oxide content, using a titration method with potassium 
thiGcyanate and ferric indicator solution. All batches used met 
the requirement of 1.80 - 2.20% mercuric oxide. 

3.1.3 The negative electrode conductor grid assembly 
consisted of ©ISTEX 5Ag52-l cut tO 7.54cm x 4.12cm and welded to 
four (4) strands of 0.40mm diameter fine silver wire. The ex- 
panded metal mesh pieces were cut to size and cleaned in an ul- 
trasonic bath using acetone as the cleaning agent. Using a lo- 
cating fixture to properly orient the grid in relation to the 
four (4) wires, the wires were welded to the grid using a 50KVA 
resistance welder with tungstenite tips. 

3.1.4 Each negative electrode used two (2) absorber 
layers cut from potassium titanate paper furnished to the con- 
tractor by NASA Lewis Research Center. The particular material 
was coded product LFM174-67 and was manufactured by the Mead 
Gorporatibn. 

3.1.5 In fabricating the negative electrode, 21 grams 

of negative mix were weighed out. Using the negative electrode 
mold, one (1) piece of potassium titanate paper was placed in the 
bottom of the mold. Fifty percent (50%) of the volume of nega- 
tive mix was then poured into the mold on top of the potassium 
titanate paper. This mix was then spread evenly with a tamping 
tool. Next, a collector-grid assembly was positioned in the mold 
so that it would lie flat on the mix; then the remainder of the 
mix was poured on top of the collector-grid assembly and again 
spread evenly, using a tamping tool. A second piece of potassium 
titanate paper was placed on the top of the mix in the mold fol- 
lowed by positioning ©f the top punch into the mold. The filled 
mold was then positioned between the platens of a hydraulic press 
and pressed at 36,0'0© kg. to compact the negative eleGtrode mix 
around the cblleotor-grid assembly. 

3.1.6 Each electrode was measured to determine that the 



width was 4.18 - 4. 23 cm, that the length was 7.59 - 7.64cm, that 
the thickness was in the range of 0.284 - 0.294cm, and that the 
Weight was in the range of 24.8 - 26.8 grams. 

3.1.7 Following acceptance of each electrode on the 
basis of dimensions and weight, a plastic sleeve was positioned 
over the electrode tab and a numbered identification tab was 
attached to the end of the tab. The edges of acceptable elec- 
trodes were reinforced by a light application of a two percent 
(2%) solution of F^O in chlorofoim. 

3.1.8 Negative electrode sub-assemblies in this condi- 
tion, together with appropriate traceability data, we’^e stored 
in plastic boxes to await subsequent operations. 

3 . 2 Fositive Electrode Fabrication 

3.2.1 Each 12 ampere-hour cell contained three (3) pos- 
itive electrodes consisting of silver powder and a conductor grid 
assembly. 

3.2.2 A positive electrode conductor grid assembly was 
fabricated by welding four (4) strands of 0.40inm diameter fine 
silver wire to a 7.54 x 4.12cm piece of Exmet 3AglO-3/0 expanded 
metal mesh. Froper lead-to-grid alignment and positioning was 
achieved with locating fixtures. The conductor grid was ultra- 
sonically cleaned with acetone before and after the lead welding 
operation . 

3.2.3 The positive electrode assembly fabrication was 
accomplished by evenly distributing 13.4 grams of "Silpowder 130" 
around the Conductor grid assembly in matched metal molds and 
pressing to the Specification thickness in a 91,000 kilograms 
hydraulic press. EleGtrode thickness was 0/86 ~ 0.91ram. 

3.2.4 Following the pressing operation, each positive 
electrode sub-assembly was dried at 125®C for one (1) hour to 
remove any residual moisture prior to the sintering operation. 

3.2.5 The driod positive electrode siib-assembly was 
then sintered at 650°C for a period of four (4) minutes. This 
sintering produced a strong mechaniGal bond due to physical co^ 
alescence of the particles of "Silpowder 130" to each other and 
due to the cement ing action of the sintering process, resulting 
in binding of the powder particles tC the conductor grid. 

3.2.6 The molding of the positive electrode was done in 
a three (3) piece compression mold cohsisting of a base plate, a 
mold ring and a punch. During the pressing operation, the elec- 



trode eomponents were pressed to a fixed dimension rather than 
using a pre-determined force. This was done to consistentiY 
control the thickness of the finished pressed electrode . 

3.2,7 Following the sintering operation, positive elec- 
trode sub-assemblies were given 10 Q percent inspection to elimin- 
ate electrodes which mig^ht have mechanical defects, evidence of 
contamination or variance from dimensional and weight require- 
ments. Those electrodes passing the 100 percent inspection had 
insulating sleeves applied to the leads and identifying serial 
numbers were attached to the leads at this point. 

3 . 3 Separator Processing and Fabrication 

3.3.1 The processing and fabrication of inorganic sep- 
arators for the 12 ampere-hour cells was carried out in accord- 
ance with proprietary procedures supplied by NASA Lewis Research 
Center. 

3 . 4 Assembly of 12 Ampere-Hour Cells 

Each 12 ampere-hour cell consisted of three (3) bagged 
positive electrodes, two (2) bagged negative electrodes, a cell 
case, a cell cover assembly, a vent sealing screw and case-to- 
cover sealing compound. 

3.4.1 The cell cover assembly was fabricated by seal- 
ing the junction area between the cell terminals and the cavi- 
ties in the cell cover with Allbond epoxy and securing the ter- 
minal to the cover with the terminal nut. The epoxy was allowed 
to cure for 16-24 hours at room temperature. 

3.4.2 The cell pack was assembled by alternately stack- 
ing bagged positive and negative electrodes with the three (3) 
sets of positive leads aligned on one side and the two (2) sets 
of negative leads on the opposite side of the pack. The bagged 
electrodes were aligned and inserted into a cell case with the 
aid of a protective sling of Teflon film. The electrode leads 
were formed to relieve any pressure on the electrodes or separa-^ 
tors and threaded up through their respective terminals in a cell 
cover assembly. The cell stack was completely inserted in the 
ceil case and the cell cover was positioned in the cell case 
cavity. Excess lead length was cut off flush with the tPP of the 
cell terminals and the electrode leads were soldered into their 
respective terminals. The underside of the cell terminals where 
the electrode leads enter the terminal was filled and encapsu- 
lated with RB3-!-1 epoxy to protect the lead-Solder-terminal junc- 
tion from corrosion by electrolyte. Having marked the positive 
electrode terminal and trimmed off excess protective sling 



material, the cell pack and cover assembly was again positioned 
in the cell case. The sealing area between the cell case and 
cover was completely filled with epoxy sealing compound. When 
this compound was cured, the wide sides of the cell case were 
restrained. Each cell was pressure tested with dry nitrogen gas 
to a gage pressure of O.Tkg/sq.cm. for ten (10) minutes. To be 
acceptable, the cell could manifest no sign of leakage during 
the test period, 

3 . 5 Filling and Formation of Cells 

3.5.1 The cells to be filled were first weighed to the 
nearest 0.1 gram in the dry state. The cells, the 45% solution 
of potassium hydroxide and all the equipment necessary to vacuum 
fill the cells were placed in a glove box which was flooded with 
dry nitrogen gas. The quantity of 30 - 31 milliliters of elec- 
trolyte were carefully premeasured and introduced into the cell. 
The vented cell was then placed in a vacuum chamber inside the 
glove box and a vacuum of 710 i 25mm Of mercury was achieved in 
the chamber. This vacuum was maintained for thirty (30) seconds. 
The chamber was then allowed to return slowly to ambient pressure. 
The filled cell was weighed again and the weight gain due to fill- 
ing was calculated to verify that the correct amount of electro- 
lyte was present in the cell. The cell was restrained between 
two (2) 3.2mm thick steel plates and left in the nitrogen atmos- 
phere in the glove box for a soaking period of twenty-four (24) 
hours. Before removing the cell from the glove box, the vent 
plug was threaded loosely in the vent hole in the cell cover. 

3.5.2 Each cell was charged for the first formation 
Cycle at a constant current rate of 0.30A (2 . 3raa/sg. cm. ) to a 
voltage, while charging, of 1.98 - 2.00 volts or until an input 
of 13.5 ampere-hours was achieved, whichever occurred first. The 
cells were discharged at 1.8 amperes (13 . 8ma/sq.cm. ) to a voltage, 
while discharging, of 1.00 volt. The discharged cell Was then 
low rate drained at a constant current rate of 0.6A (4.6ma/sq.Gm. ) 
to a voltage, while draining, of 1.00 volt. The cell voltage was 
monitored and recorded as a function of time during the charge, 
discharge and drain portions of the formation cycle. The cell 
input and output Gapacities were calculated and recorded. A 
summary of the data generated during the performance of the first 
formation cycle on 12 ampere-hour cells is given in Tables VIII 
through XI . 

3.5.3 Following the completion of Formation Cycle No. 1, 
each vented cell was heat treated for twenty-four (24) hours at 

a temperature of 10 0®G while sealed in a cylindrical steel bomb. 

To minimize the presence of carbon dioxide, the bomb enclosure 
was purged with dry nitrogen prior to sealing. The pressure 
within the bomb and the temperature in the oven were recorded as a 
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TABLE VIII 


FORMATION CYCLES DATA 
EXPERIMENTAL 12 AH SEALED 
SILVER" ZINC CELLS, TASK III 
GROUPS 5 THROUGH 9^ 


FORMATION CYCLE NO 


FORMATION CYCLE NO. 2 


DRAIN 
OUTPUT 
TO l.QOV 


TOTAL 

OUTPUT 































TABLE IX 




III I 10 


FOi^TION CYCLES DATA 
EXPERIMENTAL 1L2AB SEALED 
SILVER-ZINC CELLS, TASK III 
GROUP 10 


FO.m^TioN eycLE no, i 


CELL i 
NG. 

CHARGE 

INPUT 


(AH) 

001 

^ 9,60 

002 

0.40 

003 

9.60 ■ 

004 

9 . 6 D ; 

005 

* 9.60 : 

006 

• 9.60 ; 

007 = 

9.90 1 

008 

9.90 1 

009 : 

9.90 

010 ! 

9.90 ! 

Oil ; 

9.90 i 

012 i 

8^70 

013 

■ 9.00 

014 ^ . 

9.00 

015 

9 . 00 

016 

. 9.00 : 

017 

7.50 

010 

8.70 ■ 

019 

9.00 : 

020 

9.00 

021 

9 . 00 

022 

8.10 : 

023 

7.80 ! 

024 : 

8.10 i 

025 ■ 

8.10 

026 ; 

7.80 

. 027 1 

7.80 

I 028 

7.00 

^ 029 . 

7.80 

030 

. 7.80 

031 

i 7.80 

032 

7.80 

033 

7.80 

034 1 

7.80 

035 J 

7.80 


DISCHARGE 
OUTPUT 
TO 1,Q0V 


DRAIN 
OUTPUT 
TO l.OOV 


TOTAL 

OUTPUT 



FORMATION CYCLE NO. 2 


Sheet 1 of 2 


CHARGE 

INPUT 

I VOLTAGE 
■ AT F.ND 
. OF 

1 CHARGE 

DISCHARGE 
: OUTPUT 

TO 1 , 00 V 

; DISCHARGE 
i PLATEAU 
i VOLTAGE 

(AH) 

( V ) 

(AH) 

(V) 

13,50 

2.002 

12.37 

1,416 

11,10 

2.002 

10.45 

1.401 

13.50 

1.992 

12.33 

1.423 

13;50 

1.998 

12.26 

1 . 409 

13.50 

1.994 

12.34 

1.412 

13.50 

1.999 

12.17 

1.409 

13.50 

1.994 

12.29 

1.417 

13.50 

1.998 

12.20 

1.415 

13.50 

2.001 

11.91 

1.421 

i 13.20 

i 1.999 

11.96 

1.414 

: 13,50 

! 1.999 

12.21 

1.416 

^ 13.20 

1 2.002 

12 . 40 

1.410 

‘ 12.90 

I 2.001 

12,32 

1*412 

12.90 

! 1.999 

11.80 

1,4 00 

12.90 

2.002 

12,27 

1,4 29 

13.50 i 

2 . 002 

12.73 

1.415 

13.50 i 

1.997 

12,67 

1.410 

12.90 i 

2.002 

12.18 

1.401 

12.60 1 

■ 2.000 

11,98 

1.402 

12,60 ! 

1.999 

11,84 

1.409 

13,20 I 

2.002 

12.52 

1,411 

13.50 

2.001 

12.76 

1,411 

12.90 

2.000 

11.86 

1.403 

13.50 

2,000 

12,72 

1.410 1 

12.90 

1,999 

12,17 

1.410 

: 13.50 

1 2.001 

12.66 

1.4 05 

: 13.50 

! 1.999 

12.44 

1.396 

12.60 

1.99 9 

11.55 

1.392 

13,20 

2,002 

12.04 

1,387 

13,20 , 

1,999 

11.79 

1,418 

13.50 ^ 

1,997 

12.27 

1 , 3.95 

in, 80 

1.998 

10.13 

1.387 

10.80 

2.003 

10,22 

1,381 

10.80 

2.003 

10.16 

1.388 

10.80 

^ 2.001 

10.31 

l . a 07 


DPJvir: 
OUTPUT 
TO l.OOV 


0.24 

0.30 

0.25 

0,32 

0.33 

0,41 

0,29 

0.31 

0,65 

0.21 

n,27 

0.40 

0.28 

0.39 

0.21 

0.40 

0.32 

0.32 

0.26 

0.39 

0.25 

0.29 

0.52 

0.27 

0.25 

0.36 

0.31 

0.39 

0.40 

0.29 

I : 0,43 
0.48 
; 0.34 
0.33 
0.23 


TOTAL 

OUTPUT 





























TABLE IX 


FORMATION CYCLES DATA 
EXPERIMENTAL 12AH SEALED 
SILVER-ZINC CELLS, TASK III 
GROUP 10 


Sheet 2 of 2 


FORMATION CYCLE NO. 2 



XO 036 
037 
03 B 

039 

040 

041 

042 

04 3 

044 

045 
04-6 
047 

; 04 8 

049 

050 

051 

052 
I 053 

054 

05 5 
056 

^ 057 

058 

059 

060 

10 061 



10 . 

.80 

in . 

,80 

in . 

.80 

10 , 

.80 

10 . 

.80 

13 . 

.20 

13 , 

.20 

13 . 

.20 : 

13 , 

.20 

13 , 

.20 

13 , 

.50 i 

13 , 

.50 : 

13 , 

.50 ^ 

13 , 

.50 

13 , 

.20 

12 . 

.60 

12 , 

, 30 

12 , 

.75 

13 , 

,20 

: 13 , 

. 20 

13 , 

.20 

13 , 

.20 

12 . 

.90 

13 , 

.50 

13 , 

.20 

13 , 

.50 































TABLE X 

FORMATION CYCLES DATA 
EXPERIMENTAL 12 AH SEALED 
SILVER-ZINC CELLS, TASK III 
GROUPS 10 A THROUGH 10 D 


CELL EXPEtUMENITAL 
TYPE 12 AH CELLSi 


FORMATION CYCLE NO* 


FORMATION CYCLE NO* 


DISCHARGE ' ■ DRAIN 

CHARGE OUTPUT : OUTPUT TOTAL CHARGE 
INPUT TO l*OOV TO l.OOV OUTPUT i INPUT 


VOLTAGE 
AT END 
OF 

CHARGE 


DISCHARGE 
OUTPUT 
TO l.OOV 


DISCHARGE 

PLATEAU 

VOLTAGE 


DRAIN 
OUTPUT 
TO l.OOV 


; 062 
I 063 

III ■ lOA ;; 064 
M 065 
066 


III I lOB 


072 
; 073 

III , IOC : ! 074 
: ' 075 

076 

077 

III lOD :l 07fl 
i' 079 : 
^ 080 


7.77 

. 13.50 

7.7 0 

13.50 

7.71 

13.50 

7.72 

13.50 

7.59 

: 13,50 

1 7.00 

13.50 

' 7.05 

: 12,90 

i 6 . B9 

■ 12.90 

€.36 

13.50 

7.08 

: 13.50 

: 6,67 

13.50 

: 6.66 

13.50 

6,55 

13,50 

6.49 

13.50 

6.59 

13.50 

6.B9 

^ 13.50 

6.94 

: 13.50 

6.79 

^ 12.90 

6.79 

13.50 




































TABLE XI 

FORMATION CYCLES DATA 
EXPERIMINTAL 12AH SEALED 
SIL\^R~ZINC CELLS, TASK III 
GROUPS 11 THROUGH 14 


12 AH CELLS 


FGRMAlPrOW eYGLE NO, 1 


FORMATION CYCLE NO. 2 



13 noi 
j003 

:oo4 

i005 


III 14 


CHARGE 

INPUT 

DISCHARGE | 
OUTPUT 
TO l.OOV ' 

DRAIN 
OUTPUT 
TO l.OOV 


HHBSlHi 

(ftt!) ■ 

7.65 

5.97 


9.60 

6.19 


7.65 

6.01 


9.60 

5.4-6 

0,99 I 

7.65 j 

6.21 

0.44 1 

9.60 

6.15 

0,41 

9.60 

5 . 60 

0,47 

9.60 1 

5.85 

0.67 I 

7,65 

5.97 

0 , 49 

7.65 

6.13 

0 . 40 

■ 8.32 i 

6.00 

0,90 

8,32 ' 

6.03 

• 0.8'4 

8.32 

6.52 

0.66 

8,32 ^ 

6=.60 

0.59 

8.32 

6:. 63 

0,46 

■ 9.60 1 

5.55 

1.03 

9.60 

6.19 

: 0.40 

9.60 

6.29 

0.35 

9.60 

6.47 

0.25 

9.6 0 

S,.66 

: 0.9 3 



CHARGE 

INPUT 


VOLTAGE 
AT END 
OF 

CHARGE 




i 12. 

.30 

13. 

.20 

1 12. 

.60 

1 13. 

.20 

! 13, 

.20 




' DISCHARGE 
OUTPUT 
TO l.OOV 

DISCHARGE 

PLATEAU 

VOLTAGE 

(AH) 

. (V) 

11,87 

1.4X3 

12.7-8 

1,424 

11.4 5 

1.414 

12.61 

1.429 

11,70 

1.420 

12.67 

1.430 

12.54 

1,422 

12.85 

1.431 

10.39 

1.395 

10.57 

1.420 

12.54 

1,422 

12.43 

1,413 

12.63 

1.424 

12.70 

1,422 

12.56 

1,420 

12.78 

1,436 

12.76 

1.425 

12.70 

1.422 

12.70 

1.445 

12.60 

1.429 


DRAIN 

OUTPUT TOTAL 
TO 1.0 OV OUTPUT 






































function of time during the heat treatment. At the end of the 
twenty-four (24) hour period, the oven was turned off and allowed 
to return to room temperature. Each cell was removed from the 
bomb and the cell vent was thoroughly cleaned of any electrolyte 
residue. A molded vent plug was cemented into place in the thread- 
ed vent hole. 

3.5.4 The sealed cell was given a second formation cy- 
cle similar to the first. A summary of the data collected dur- 
ing the performance of this second formation cycle is given in 
Tables VIII through XI, 

4.. Experimental Cell Configurations 

4.1 Groups 1 through 4 - 20 Cells 


These four (4) groups of five (5) cells each were fabri- 
cated using cell cases and covers molded in polysulfone. The 
compound used to seal the terminal assemblies into the cell 
covers as well as effecting the case-to-cover seal was E-600. 

It was noted that after heat treatment in the pressure vessel, 
the cell cases showed signs of crazing. Further work on this 
cell group was terminated and the cell cases and covers used for 
the balance of the cells manufactured in this task were molded 
in 30% glass fortified polyphenylene oxide. 

4.2 Group 5 (4 Cells) 

The specification for the construction variation to be 
incorporated in the four (4) cells of Group 5 initially called 
for the use of trichloroethylene as the solvent in the prepara- 
tion of the asbestos sheet impregnation solution and in the for- 
mulation of the ceramic filled slurry. After the difficulties 
experienced with this same variation in the 40AH cells of Task 
II, Group 4, the experiment was redefined. The incorporation of 
potassium titanate in powdered form in a negative absorber mat 
was investigated but, because the KT powder did not lend itself 
to continuous process mat fabrication by present methods, this 
variation was discontinued. Technical direction was given to 
manufacture Group 5 cells using the negative electrode absorber 
mat, YIFL-II, manufactured by Yardney, in place of the standard 
mat. This variation was similar tP that specified for Task II, 
Group 6, 40 ampere-hour cells and was accomplished without 
incident. 

4.3 Group 6 (4 Cells ) 


The positive electrodes for the cells in Group 6 were 
fabricated using the Yardney continuous process rolling mill and 
Yardney Type HS Silver Powder. The selection of Type HS powder 
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was made by the NASA Project Manager based on the test results 
on Task II, Groups 1 and 2 cells. Electrode leads, four (4) 
strands of 0.40mm fine silver wire, were welded directly to the 
electrode, two (2) each on either side of the electrode in the 
same attachment area. 

4 . 4 Group 7 (4 Cells) 

This group of cells utilized positive electrodes in 
sealed separator bags which were NOT dip-coated with ceramic 
filled slurry. 

4 . 5 Group 8 (4 Cells) 

The cells of Group 8 were similar to the cells of Group 
7 except that a 0.06imm thick layer of cast film made from the 
ceramic filled slurry was interposed between each bagged posi- 
tive and negative electrode. 

4 . 6 G roup 9 (4 Cells) 

The cells of this group contained standard electrodes 
in dip-coated separator bags plus a 0.063mm thick layer of cast 
film made from ceramic filled slurry interposed between each 
bagged positive and negative electrode. 

4.7 Group 10 (80 Cells) 


The first sixty-one (61) cells of this group were pro- 
duced using the cell materials and cell fabrication methods de- 
scribed in detail under Task III, Sections 2 and 3 of this 
report. These cells and the cells of Groups 11 through 14 were 
considered the baseline configuration for the 12 ampere-hour 
experimental cells manufactured under Task III of the contract. 
The last nineteen (19) cells of this group were divided into four 
(4) sub-groups in order to incorporate additional experimental 
design changes. 

One construction variation included in the 19 cells 
which made up Groups lOA through 10© was a different method of 
sealing the cell terminals to the cell cover. The incidence of 
leakage at the cell terminals was approximately 1(D% in the cells 
constructed, filled and formed by normal methods. The analysis 
of the leakage problem pointed to an inability of the terminal- 
to-eover seal using Allbond epoxy to withstand the 24 hour heat 
treatment at lOO^^G in the pressure vessel. A new terminal seal 
was designed and used which reguired two (2) "O” rings made of 
ethylene propylene compound. The 19 cells using the new terminal 
seal did not exhibit any leakage prior to being shipped to NASA 



Lewis Research Center. 


Initial 12 ampere-hour cell testing results from Task IV 
activity indicated that the cell performance was being adversely 
affected by the snug fit of the cell stack to the cell case and 
its influence on electrode and separator wetting. The construc- 
tion and processing variations used in these four (4) sub-groups 
were the following : 

4.7.1 Group lOA (5 Cells) 

These cells were fabricated to the baseline con- 
figuration and were the control group for this series of experi- 
mental cells. 

4.7.2 Group lOB (5 Cells) 

This group of cells was fabricated to the base- 
line configuration except that the heat treatment in the pressure 
vessel (bomb) was for a 72 hour period instead of the normal 24 
hours . 

4.7.3 Group IQC (5 Cells) 

The negative electrodes used in the cells of this 
group Were 2.77mm thick instead of the normal 2.89mm thick. The 
amount of negative mix was adjusted to achieve the same density 
in the thinner electrode as in the standard thickness negative 
electrode. 

4.7.4 Group lOD (4 Cells).. 

This group of cells was constructed to the Group 
IOC configuration. During the filling of the cell with electro- 
lyte, the vacuum was held for five (5) minutes instead of the 
normal 30 seconds. The heat treatment in the pressure vessel 
was for a 72 hour period. 

4.8 Group 11 through 14 (20 Cells) 

The construction and processing of the cells of these 
groups was similar to the first 61 cells of Group 10, the base- 
line or standard configuration. 
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TASK IV - EXPERIMENTAL CELL EVALUATIONS 


1. Objective of Task 

The objective of this task was to evaluate, through testing, 
the relative performance of twelve ( 12 ) 40 ampere-hour experimen- 
tal cells and twelve ( 12 ) 12 ampere-hour experimental cells at a 
temperature of 22®C. 

2 . 40 ^pere-Hour Cell Testing 

The 40 ampere-hour cells selected by the NASA Project Manager 
for evaluation in this task are tabulated below: 

TASK I, Lot 2, S/N's 069 and 070 
TASK II, Group 1, S/N»s 001 and 002 

TASK II, Group 2, S/N's 001 and 003 

TASK II, Group 3, S/N's 003 and 004 

TASK II, Group 5, S/N's 002 and 003 

TASK II, Group 6 , S/N's 00 1 and 004 

2 . 1 Performance Characterization Test 

Each cell was given four (4) test discharges to deter- 
mine cell voltage characteristics at different discharge rates. 

In preparation for each test discharge, each cell was charged at 
a constant current of 1.5 amperes to a voltage, while charging, 
of 1.98 - 2.00 volts or until an input capacity of 45.0 ampere- 
hours bad been achieved. The charged cell was then discharged 
at the applicable test cycle discharge rate to an end voltage 
of 1.00 volt. Following each test discharge, each cell was fur- 
ther discharged (drained) at a current of 2.0 amperes to an end 
Voltage of 1.00 volt. The test cycle discharge rates were: 

Test Cycle No. Test Discharge Rate 

1 120A (186 ma/sg, cm.) 

2 80A (124 ma/sg. cm.) 

3 40A (62 ma/sg. cm.) 

4 20A (31 ma/sg, cm.) 

Cell voltage was monitored and recorded as a function of time 
during the charge, discharge and drain portions of each test 
cycle. The charge input capacity and the discharge and drain 
output Capacities were Calculated for each test cycle. Tables 
XII through XV present a summary of the performance of the twelve 
(12) test Cells during each of the test cycles. 



TABLE XII 


SUMMARY OF CELL TEST DATA 
PERFORMANCE CHARACTERIZATION TEST 
4'QAH SEALED SILVER- ZINC CELLS 
TEST CYCLE NO. 1 {120A TO 1.0'QV) 


;TASK 
; NO, 

LOT i 
OR ' 
GRP . ; 
NO. I 

CELL 
i NO. 

CHARGE 
I INPUT ; 

CELL VOLTAGE AT INTERVALS DURING TEST DISCHARGE 

OUTPUT 1 

I TEST 
DIS- 
CHARGE 

POST 

TEST 

DRAIN 

TOTAL 


... 5AK. . 


1 5AH 

20M1 

1 2 5 AH 

1 .30 AH 


KSRH 

HEH 

: (v: . : 

(V) 

■m 

{V) 

: iy) 

■BH 

■SH 

EKI 

. (vj 

(Ain 


(AH) 

I 

■ 

069 j 


0.8B7 

^ 1.007 

QQII 

1.124 


1.161 

1.156 



33.73 

3.20 

41,93 

^070 1 

m 

0.094 

1.012 

: 1.03-1 

1.126 

m 

EBEI 

1.160 j 

; 1.145 ■ 

..... 

.... 

! 32.67 

9.25 

m 

II 

1 ; 

001 ' 

i 45.00 ■ 

0.953 i 

1.035 

1.100 

^ i.126 

1.140 

1.141 j 

: 



; , — 

; 29.60 

12.67 

42,27 

; 002 i 

: ^ i 

0.957 1 

: 1.035 

1.103 

' 

; 1.130 

[ 1.143 

1.147 j 

1.092 ; 



1 

30.50 

12.37 

42.37 

• 

2 

: 001 : 

; 36.75 

i 0.926 

: 1.009 

i 1.075 

I 1.104 

1 1.120 ; 

i 1.120 : 

: 

— 

i 

28.00 

B.57 

3 6.57 

. 003 

i 33:..00 

I 0.902 ^ 

0.9D2 

! 1.0^4 

; 1.096 

! 1.103 

I 

: : 

: — 

— 

24.03 ; 

6.92 

30.95 : 

; i 

^ \ 

003 

45.00. 

0.876 ! 

1.010 

^ 1.093 

! 

i 1.128 

1.150 

1.165 ; 

1.162 ! 

i 1.003 

— : 

33.10 ; 

9.56 

44,66 

: Q04 ; 

45.00 

0.901 

1.007 

1.050 

; 1.123 

i 1.153 

1.169 ^ 

1.168 

1.098 

; 

35.60 

10.49 

46.09 

; ' 

5 ’ 

1 002 : 

1 '15.00 

i 0.921 

1*012 

1*030 

1.111 ; 

1 1*130 

1 1,144 

1.145 

1 

— 

34.00 

8.93 

•42.93 

003 

i ’45.00 

0.9 26 

1.018 

i.oao 

1.114 

1.135 

1.150 

1.150 

— 

; 

34.20 

8.33 

42.55 

i 

6 

i 001 ^ 

42.75 

0.787 

0.973 : 

; 1.059 ^ 

1.097 

1.120 

1.129 

1.088 

. r-— ; 

— 

30, *00 

-9v60 

40.40 

004 1 

43.50 ' 

G.B09 

0.9fi7 

. 1.070 

X.UO 

1.132 

1.140 : 

1.110 . 


— 

31.70 

9.77 

41.47 

L..:.. : 














































TABLE XT I I 

SU'MMARY OP CELL TEST DATA 
PIRPORMANCE CHARACTERIZATION TEXT 
40AH SEALED SILVER-ZINC CELLS 
TEST CYCLE NO. 2 (80A TO 1.00V) 


TASK 

^ NO - 

1 LOT = 
' GR ‘ 
GRP. 1 
; NO. : 

iCELL 

HO- 

GHARGE 

INPUT 

CELL VOLTAGE AT INTE-RVALS DURING TEST DISCHARGE 

; OUTPUT ^ 

1 TEST / 
I DIS- 
i CHARGE 

POST ; 
TEST : 
DRAIN 

TOTAL 

: START : 

i 5AU 

BESiH 

15AEI ' 

20.AH 

! 25AH ' 

! 30 All . 

35AK . 

407vH 

. AH 

1 (V) 

^ (V) 

i 

(V) 

m 

(V} 

; m 

: (V) ; 

brbh 

MBSWI 

BiBB 

H8RI 

I 

2 •! 

069 ■ 

45.00 

1.087 : 

moi 


1.212 


1.236 

1.220 

1.177 

— 

' 36.67 

7.60 1 

44.27 

070 

, 45.00 

1.104 : 

m 

■M 

ism 

1.221 : 

m 

1.23 9 

1,232 

1.177 

— 

1 36,33 

8.03 : 

■ 44.41 

■ 

1 

H 

: 43.50 

m 

m 

: 

: 1.190 

1.230 

BB 

1.226 

1.217 

; 

— 

j 33,73 

B.S2 i 

: 42,25. 


; 43.50 

1.321 

1.1B3 ^ 

. 1.201 

1.224'; 

HB 

1,233 

1,227 

MB 

MB 

: 34.33 

7.5B ' 

41,91 

II 

2 

001 ! 

: 43,90 

Bi 

1.226 ; 

BI 

MB 

1,227 

1.233 

1.230 

3.151 



Bi 

7.57 

BB 

003 i 

; 43.50 

1.317 

1.234 

; 1.166 

1.192 

i 1,204 

m 

1,212 


— 

; 33.40 

0,91 

42,31 

II 

3 

003 

45.00 

1.227 

1.165 

1.203 

1.234 

1.249 

1.251 

1.241 

i.203 

H[[|| 

: 37.07 

3.90 

45.97 

I 004 

45.00 

1,251 

1.173 


1.230 

1.254 

n 

1.252 

1.221 

— 

37,60 ; 

8.35 

4 5,95 

1 

1 

^002 

; 45.00 

IBi 

1.157 

1.195 

1.210 

1.231 

B 

1.216 

‘ 1.115 

BH 

36.86 

7.52 

44,38 

003 . 

45.00 

1.056 ; 

1.145 

1.106 

1.211 

1.225 


1.206 1 

■ 1.101 

II^^B 

36,13 

8,19 

44132 

1 


D 

41.63 

1,036 

1.124 

■M[ 

; 1.191 

Bi 

1.195 

^ 1,159 

^9 

BB 

33,33 

7,62 

40.95 


004 ' 

43.50 

: 1.087 ; 

HB 

1.180 


1,2^9 

1 .21B 

1.195 

■ 1.035 

— 

; 35,46 

7,06 

42.52 


. . n 
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TABLE XIV 


SU'M&aRY OF CELL TEST DATA 
PERFO:RMANCE CHARACTERIZATION TEST 
40AH SEALED SILVER- ZINC CELLS 
TEST CYCLE MO. 3 {40A TO l.OOV) 


TASK 

MG. 

LGT 
QR 
GRP. 
, NO, 

CELL 
NO. : 

jCHARGE 

INPUT 



OUTPUT 1 

CELL VOLTAGE AT INTERVALS DURING TEST DISCH; 

. 

VRGE 


TEST ' 
DIS- 
CHARGE 

1 POST 
' TEST 
: DRAIN 

TOTAL 


START ‘1 

5AK 


: ^SAil ; 

i 20 AH 


3 OAK ] 

35AH i 

40AH 1 


^ All 

■OH 

(VI 

msm 

: (V) • 

’ (V) 

■ (V) 

HfflH 

■BHII 

WSBM 

■HH 

WBSM 

HEBHl 

■ 

2 


' 45.00 1 

i.345 

HM 

' 1,300 

1.324 ; 

^ 1.34’0 

. 1.347 

1.342 

1,312 

m 

: 40,60 


45,19 : 

07Q ' 

1 45.00 

1,358 

1.278 i 

1.301 

1.326 i 

BB 

1.34B 

1.342 

1,312 

1,160 1 

; 40.53 

wm 

IM 

li 

1 

001 , 

; 41,63 . 

: 1,536 ■ 

i 1,44'5 : 

1.315 

1.321 

1,323 

1,324 

1,3 20 

1.254 

— ; 

36.53 

5.50 

42.03 

|002 

^ 41,63 

^ 1,562 

1.445 i 

1 1.314 

^ 1,321 

1,329 

1,327 

: 1.324 

; 1.269 

— 

36.07 

4,67 

: 40.74 

II ; 

. . 1 

2 

io.01 

40,37 

1,496 

1.353 1 

1.2 91 ^ 

1 1,314 

1 1 .322 : 

1,320 : 

1,315 

; 1.236 

— 

35.80 

I 3,83 

39.63 

003 ; 

37.87 

1.483 

1.316 ; 

1.289 

1,305 : 

, 1,310 

^ 1,310 

1,296 ; 



33.87 ; 

3.60 

37.47 

II 

3 ^ 

003 

' 45.00 

1.55-1 . 

1.379 

1.304 

1,330 

1,340 

1,342 

1.336 1 

: 1.310 ' 


; 39,07 

5.36 

44.43 

;004 

1 

; 45.00 i 

1.554 

1.3S3 

i 1.3C6 

1,331 ; 

. 1,342 

1,3 45 

1.339 

1.31B 

: 

^ 39,23 

; 5.10 

44,33 

II 

5 * 

002 

45.00 ' 

1,446 ; 

1.287 1 

i 1.311 

1.323 

1.33S 

lv340 

1.331 

1,307 

1.1Q2 

■40.16 

: 4,00 

44,16 

1003 ; 

45,00 ; 

1.306 

1,266 ; 

1 1.300 

. 1.320 

1,330 

1,329 

; ;l 

1.323 : 

^ 1,297 

— 

39,50 

; 4.50 

; 44,00 i 

II 

^ 6 

1 

001 i 

45.00 

: 1,241 

U24 6 ! 

; 1,276 

= 1,293 

, 1.311 

1.314 

: 1.307 

i 1.280 


39.36 

: 3.93 

43,29 

00^ 

-15,00 

1,295 

1.262 i 

i.2ii7 

J.,306 

j 1.31? 

; 1.3?:' 

i 1.315 

‘ 1,288 

— 

39.36 

4.01 

43.37 



1 
























































































































































































2 . 2 Cycle Life Testing (100% POD) 


Each cell, mpon completion of performance-characteriza- 
tion testing, was then cycled continuously on a 100% depth of 
discharge regime. This testing was done on the Automatic Cell 
Cycler designed, fabricated and used in Phase I of the contract. 
The test regime specified by the NASA Project Manager and used 
to test these twelve (12) 40 ampere-hour cells was the following: 

Charge - Constant current of 2.5 amperes for 18 

hours or to 1.98 - 1.99 volts, whichever 
occurred first. 

Discharge - Constant current of 20 amperes for 2 hours 
or to 1.20 volts, whichever occurred first. 

A comparison of the average output capacities for each 
2 cell group during Cycle Life Testing is given in Figure 1, A 
comparison of the typical cell voltage curves for each group 
during the discharge of Cycle Life Test Cycle 120 is given in 
Figure 2 . 

The Cycle Life Testing Of 40 ampere-hour cells was term- 
inated in order to conduct Cycle Life Testing on 12 ampere-hour 
Cells fabricated in Task III, At that point none of the cells 
showed any signs of leakage or other physical degradation. The 
only cell electrical failure was experienced when the Task II, 
Group 2 cell, S/N 003, failed to accept charge in Cycle 137. 

The status of the individual cells at the completion of testing 
is summarized in Table XVI. 

3 . 12 Ampere-Hour Cell Testinu 

The 12 ampere-hour cells selected by the NASA Project Manager 
for evaluation in this task are tabulated below: 

TASK III, Group 11, S/N 002 
Group 12, S/N 003 
Group 5, S/N*s 001 and 004 
Group 6 , S/N' s 001 and 002 
Group 7, S/N's 002 and 003 
Group 8 , S/N's 001 and 003 
Group 9, S/N's 002 and 004 

3 •! Performance Characterization Test 

Each cell was given four (4) test discharges to deter- 
mine cell voltage characteristics at different discharge rates. 

In preparation for each test discharge , each cell was charged at 
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TABLE XVI 



SUMMARY OF TEST CELL STATUS 
ON COMPLETION OP CYCLE LIFE TESTING 
40 AH SEALED SILVER- ZINC CELLS 


TASK 

LOT 

or 

GROUP ■ 
NO> 

CELL 

CONSTRUCTION 

VARIATION 

: 

CELL 

NO. 

CYCLES TO 
50% OF 
^ NOMINAL 
: CAPACITY 

LAST TEST CYCLE 


i CYCLE ; 
; NO. 

; OUTPUT 
: CAPACITY 
(AH) 

OUTPUT 

INPUT 

EFFICIENCY 

REMARKS 

I 

- i 

2 

^ STANDARD CONSTRUCTION 
CELL TYPE HS4-0-7 
: CONTROL 

069 

i lOQ- 

182 

10.75 

97% 


070 

105 

1B2 

11.00 

96% 


: ' 1 

i II 

1 1 

' POSITIVE ELECTRODE 

yArdney rolling mill 

i PROCESS WITH YARDNEY 
TYPE HS PGIVDER, DUAL 
TAP ARRANGEMENT, 

001 

155 

183 

19.00 

96% 


002 

150 

183 

19.25 

96% 


11 

2 

POSITIVE ELECTRODE 
YARDNEY ROLLING MILL 
PROCESS WITH YARDNEY 
TYPE HC VOmm. DUAL 
TAB ATTACH! XNT, 

001 j 

80 

138 

17.00 

■ 9 7% 

‘ 

003 

65 

136 • 

20.66 

52% 

NO CHARGE ACCEPT- 
ANCE CYCLE 137 

11 

3 

SEPARATOR 

FCA SUBSTRATE "CYLINDER 
DIP'" ^^tPRRGMATIGN 

003 

NOT 

APPLICABLE 

165 

23.12 

97% 


004 

MOT 

APPr.ICABLE 

, 163 

22, 37 

97%. 


, XI 

5 

SEPARATOR 
FCA SUBSTRATS 

IMPREGNATION BY | 

JOUMS-!4ANVILLE i 

002 

75 

^ 136 

8.25 

94% 


003 

70 

136 

8.25 

96% 


II 

6 

NEGATIVE ELECTRODE 
YARDNEY KT MAT YIPL-II 

001 

rroT 

APPLICABLE 

136 

24.25 

97% 


USED AS NEGATIVE ABSORBER 

004 

NOT 

APPLIC7^^^LE 

136 

24 .J2 

97% 





a constant current of 0.30 amperes for 45 hours or to a voltage 
of 1.98 - 2.00 volts, whichever occurred first. The charged 
cell was then discharged at the applicable test cycle discharge 
rate to a voltage of 1.00 volt. Following each test discharge, 
each cell was further discharged (drained) at a current of 0.60 
amperes to an end voltage of 1.00 volt. The test cycle dis- 
charge rates were ; 


Test Cycle No. 


Test Discharge Rate 


1 

2 

3 

4 


18A (140 ma/sq.cra.) 
12A ( 93 ma/sq.cm.) 
6A ( 46 ma/sq.cm.) 
3A ( 23 ma/sq.cm.) 


Cell voltage was monitored and recorded as a function of time 
during the charge, discharge and drain portions of each test 
cycle. The charge input capacity and the discharge and drain 
output capacities were Calculated for each test cycle . Tables 
XVII through XX present a summary of the voltage and capacity 
characteristics of the twelve (12) test cells during each of the 
test cycles. As noted on Table XVII, the discharge current rate 
for Test Cycle No. 1 on Group II cell S/N 002 was 16A (124 ma/ 
sq.cm.). Also noted is the test discharge cutoff voltage for 
Group 9 cell S/N 004 which was 0,90 volts. 

3 . 2 Cycle Iiife Testing (100% POD) 

Upon completion of Performance Characterization Tests, 
each cell was cycled continuously on a 100% depth Of discharge 
regime. This testing was done on the Automatic Cell Cycler 
equipment used to test the 40 ampere-hour cells . The test re- 
gime selected by the NASA Project Manager to test the 12 ampere - 
hour cells Was the following: 

Charge - Constant current of 1.05 amperes for 11.5 
hours or to 2.01 ” 2.02 volts, whichever 
occurred first. 


Dia charge - Constant current of 6.0 amperes for 2.0 

hours or to 1.00 volt, whichever occurred 
first. 


To aceomplish this lower rate testing, new panel ammeters were 
calibrated and installed in the Automatic Cell Cycler and the 
charge and discharge currents were established by adjusting the 
program input to the power supply in the test equipment. Some 
time during these adjustments, the discharge current meter was 
unknowingly damaged. As a result, the indicated discharge cur-^ 
rent of 6.0 amperes was actually 12 amperes. This condition was 



TABLE XVII 


SUMMARY DP CELL TEST DATA 
PER'PORMANCE CHARACTERIZATION TEST 
EXPERIMENTAL 12AH SEALED SILVER- ZINC CELLS 
TEST CYCLE NO. 1 (18A TO 1 . 0'OV) 


' task! 

NO* 1 

LOT 
OH 
GRP * 
NO,; 

CELL 

CHARGE 

JINPUT 


OUTPUT 1 



:ell voltage at intervals during test discharge 

TEST 

DIS^ 

CHARGE 

POST 

TEST 

DRAIN 

TOTAL 

I START 

! lAH 

2AH 

3AH 

1! Uh 1 

i 5AIJ 

; 6ah 

TAH 

,8AH 

9AH 

,.10AH 

ILAH 

12AH 

NO* 

(WV) . 

i iv) 

^ (7) 

(V) 

(V) . 



(V) 

(V) 

(V) 


(V) 

(V] 

(V) 

(AH) 

(AH) 

(AH) 

Hi i 

5 

001 

12.30 : 


.0.97 

1.03 

1.06 

a. 06 

B 

B 

g 

B 

Bl 

B 

B 

B 

4.87 

7.16 

12.03 

B 

12,90 ' 

B 

0.98 

D 

D 

:1.06 

B 

B 

B 

B 

B 

B 

Bl 

B 


7.56 

12.30 

1 III 

: 6 

1 001 

11.10 

1,16 

1.05 

1.05 

1,05 

l.OQ 

mi 

B 

B 

B 

B 

B 

B 

B 

m 

ra 

10.34 

j 002 : 

^ 11.10 

,1.16 

1.06 

1,05 

1.04 

1.00 

B 

B 

BSS 


B 

BB 


g 

4.00 

6,39 

10.39 

1 

1 

B 

11.40 i 

^0.8 9 

1.00 

1.03 

1,05 

1.05 

:i.oi : 

B 

B8 

g 

Bl 

B 


Bl 

Bl 

m 

11.70 

B 

11.40 ; 

0.32 

B 

1.01 

1.04 

1.07 

1.07 

1.07 

im 

B 

1^1 

BB 

B 

B 

7.60 

3.36 

10.96 

III i 

1 

! 001 

12.00 ! 

0.85 

B 

1.03 

1,05 

1.06 

1.05 

1.02 

B 

B 

B 

j^B 

B 

B 

6.55 


11 . 59 

003 

12,00 

B 

: 

0.94 

0.98 

1.01 

1.02 

B 

B 

B 

B 

B 

B 

B 

B 

m 

6.63 

cn 

III 

1 

002 

12.00 

10.79 

0,90 

0.96 

1.00 

B 

B 

B 

B 

B 

B 

B 

B 

B 

3.85 

7.14 

10.99 

bb 

12,00 

•0,75 . 

0.8 9 

0.95 

0.98 

0.93 ! 

= (NOTE 

1) — 

B 

B 

B 

B 

B 

B 

4,30 

7.00 

11.30 

III ■ 

B 

^9 

13.50 

|0,96 

1.00 

1.04 

1.08 

B 

1.09 

1,05 

1.01 

(NOTL 

B 

B 

B 

B 

7,44 

5.66 

13.10 

12 

003 

13.50 

'0.90 

0.97 

1.02 

1.06 : 

1.07 

1.06 

1.04 

1.04 

1.02 


B 

B 

B8 

B.46 

4.73 

13.19 


NOTKS; 

(1> Discliarga Cutoff Voltnqc -- 0.90 Vo]tB 


(2) Test Discharge Hate — 16 Aaiporea 
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TABLE XVIII 


SUMMARY OF CELL TEST DATA 
PERFORMANCE CHARACTERIZATION TEST 
EXPERIJ4ENTAL 12AH SEALED SILVER-ZINC CELLS 
TEST CYCLE NO. 2 (12A TO l.OOV) 


TASK 

m. 

i LOT 
' OR 
:GRP. 1 
NO. 

GEIjL 

NO. 

; CHARGE 
■ INPUT 



OUTPUT 1 

CELL VOLTAGE AT INTERVALS DURING TEST DISCHARGE 



TEST 

DIS- 

CHARGE 

POST 

TEST 

DRAIN 

TOTAL 


START 1 

lAH ' 


mm 


5AK 

: 6ah 

lAit 

8ah 

9AH 

lOAH 

11A8 

^ 12AJ1 


IQQII 

(V) i 

(V) 

S! 

(V) 

(V) 

: (V) 

1 (V} 

(V) 

(V) 

tv) 

(V) 

(V) 

(V) 

(/MI) 

(AH) 

(AH) 

Ill 


j 001 ■ 

13,50 

1.20 

1.15 , 


1.17 

1.19 

;1.19 

1.17 

1,16 

m 

1,11 






9.93 

2,87 

12, BO 

5 

00 4 

i 13,50 

: i^2i; 

1,15 ^ 

1,14 

1.17 

1.19 

1.19 

1.15 = 

1,14 

1.10 

1,09 



— 

9,73 

3,47 

13,20 

III 

^ S : 

001 ; 

! 11/70 

1.37 

1.19 

.1.15 

1.16 

1.15 

1.14 

1.12 

1,10 



— 



— 

7,55 

3,24 

10,79 

002 1 

; 11,70 

; 1.35- 

1.19 

|l.l4 

1.14 

1.14 

1.12 

1.10 

1.03 

— 

— 

— 

— 


7.20 

3.60 

10,60 

III : 

7 

002 . 

13.50 

' 1.14 

1.10 

1.12 

il.l4 

1,16 

il,17 

1.17 

1.17 

1.17 ^ 

1.16 

1,09 


— 

10,55 

2.63 

13. IS 

0G3 

: 13.50 

1.12; 

1.09 

1.13 

1.16 

1.18 

1.20 

1.21 

1.21, 

1.20 

1.19 

1,15 

' 

— 

10.80 

2.31 

13,11 

III 

i e ^ 

001 

! 13.20 

! 1.13' 

1.10 

1.12 

1.15 

1.16 

1,17 

1.16 

1.16 

1,13 

1.06 


— 

— 

9.42 

3.42 

12.84 

003' ! 

12.15 

‘ 1.04; 

1.07 

;i.09 

1,11 

1.13 

1,14 i 

1.13 

1.07 

— 

, 

— 

-1 

— 

7,77 

3.39 i 

11.16 

III 

9 ^ 

002 

13.20 ; 

1.12- 

1,06 ■ 

1.09 

1,12 

1.13 

1,10 

1.09 

] ,0? 

1.02 

: 

i 

— 

! 

8.25 

4.65 

12.90 

004 

12.90 

1.07^ 

i.06 i 

l.OG 

1.10 

1.12 

1,13 

1.10 ; 

1.05 

— 

— 


— 

— 

7,51 

4,86 

12.37 

III 

11 

I 002 

13.50 ! 

1.14 

: ! 

1,10 1 

1.09 

1.12 

1.15 

1.15 

1,14 ; 

1,12 

1.10 

1,06 


• 

......... 

9.42 

3. 84 

13.26 

12 i 

1 003 , 

13,50 ; 

1.10 

1,07 i 

1.09 

1.12 

1,14 

1.15 

1.15 

1.14 

1,13 

l.io 

ii.oo 

_ _ _ „ 


10,00 

3.30 

13.30 
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TABLE XIX 

SUMMARY GF CELL TEST DATA 
PERFORMANCE CHARACTERIZATION ^TEST 
EXPERIMENTAL 12AH SEALED SILVER- ZINC CELLS 
TEST CYCLE NO, 3 (6A TO l.OOV) 


■ LOT 
, TASK : ■ OR 
GRP. 
NO . NO. 



CELL VOLTAGE AT INTERVALS DURING TEST DISCHARGE 


START I lAK I 2AU I 3AH I UA3I I 5AR I 6Aii I. 7AH I 0AK I 9AH I lOAH I llAH 


TEST 

DIS- 

CHARGE 



(AH) (V) 1 (V) (V) I (V) (V) (V) I (V| I (V) 1^ (V) I (VJ I; tV) J (V) | (V) | lAH> 



000:1 13. :L 1.45 l!1.29 


004 ; 13.35 1.48 


1.29 I 1.30 I 1.31 1,31 1 1.30 I 1.28 I 1.23 I 1.11 


1.28 1.2? 1.30 : 1.31 |l,31 1.29 1.26 1.20 


001 i 11.70 1.59 ri.SO 1.42 


1.27 1.27 1.25 1.21 1.16 



002 11.40 1.58 1.4D 1.4 2 1. 29 1.28 I 1*27 ,1.26 1.24 1.21 


1.28 1.26 1.27 li.2fi 1.28 1.27 1.27 1.25 


1.2G 1,26 


12.90 11.42 


1.29 11.29 1.29 1.29 1.27 1.22 1.06 


1.27 1 1,26 I 1.28 11.28 I 1.27 1.24 


003 J 12.60 


002 13.50 


004 1 13,50 I 1.42 


1.26 ll.27 


X.27 I 1,27 I 1.25 


1.25 1.26 li.25 I 1.24 


1.19 I 1.02 


.22 1.22 1.1.23 ll.23 1 1.21 J 1,19 (1.16 I 1.09 


13,35 [l.45 1.29 1 1,25 1.27 | 1.20 1.29 


] ,29 I 1,27 I 1.25 I 1.18 


13,35 :l 1.41 1.27 I 1,26 1.28 | 1,30 j 1,31 l;1.31 I 1.31 I 1 , 30 1, 1 . 2B I 1 . 22 | 1.02 








































































































































































































TABLE XX 



oi 


SUMMARY OP CELL TEST DATA 
PERFO'EIMANCE CHARACTERIZATION TEST 
EXPERIMENTAL 12AH SEALED SILVER-ZINC CELLS 
TEST CYCLE NO. 4 (3A TO 1 . 0i0V) 


TASK ; 

1 

LQT ^ 
OR 
GRP* 
NO, ^ 

CELL 

NO, 

iGEIARGB 



OUTPUT 

CELL VOLTAGE AT INTERVALS DURING TEST D 

ISCHARGE 



TEST 

DIS- 

CHARGE 

POST 

TEST 

DRAIN 

TOTAL 

INPUT i 

! 

BBS! 

. lAH 

2/UJ . 

! 3AH 

J 

I 5A11 

6Ali 


li3S9K 

9AH 

l^AH 


12AK 



; ivi , 

(V) : 

. tv) . 

1 (V) 

rail 

: W 

(V) 

tv) ! 

(V) 

(V) : 

(V) 

IMI 

(V) 

(AH) 

lAU) 

(AH) 

M 

H 

1 5 

001 

■■ 

H 


n 

|l.37 

1.38 ; 

1.36 

1.30 

■ 

■ 

IHl 

■ 

1.23 

H 

B 

11.22 

1.05 

m 

; 004 

13,20 

1.65 

1.47 

1.3B 

1.36 ; 

1.38 

1.3B 

1.38 

1.38 : 

11.37 

i i.3'3 

1.24 

1,17 

B 

11.95 

0.96 

12.91 

III 

i 6 

001 

12.15 

:1.71 

1.63 ^ 

1,50 

1.46: 

: 1.38 

1.38; 

;i.37 

: 1.36 

\1.3A . 

•1.31 

1.15 

1,07 

; — 

11.22 

0.63 

11.85 

^ 0 02 

11.85 i 

= 1.71 

1,64 

1.59 

1.41 1 

: 1,38 

1.3 8 

1.37 

1.35 

1.33 

1,20 


i 

— 

9.41 

2.14 

11,50 

; lil ■ 

7 

002 

12.90 i 

'l.61 

11.41 

1.35 

1.37 : 

; 1.33 

il.38 

1.38 

1.3B 

;1.36 

; 1.31 

1.24 

1.17 

-- — : 

11.52 

^ 1.07 

: 12.59 

003 1 

12.60 ! 

1.59 

il.38 

1,37 

1.37 , 

;i.37 

,1.38 

1.38 

1.37 i 

1.33 

1.26 

1.21 

l.ll 


11.17 

0.80 

11.97 

: 

i 

B i, 

ooi 

12.60 ■ 

il.57. 

1.16 

1 . 3'5 : 

:i.36 

1,37 ; 

, 

1,37 

1.37 

:1.36 ; 

:1,34 

■1.23 

1.17 




10.79 

1,19 

11.98 

0 03 

11.55 ^ 

1.53 

1.35 

1 . 3'5 

1.36 

; 1 . 36 

1,37 ^ 

; 

1.37 

1.34 

1.29 . 

1.21 ; 

1.10 

- 

— 

i 10.17 

0.83 

11.00 

III 

i 

9 ^ 

; 002 

12.90 

1.59 

1,37 

1.33 

1.33 

k . 3'4 

1.35 

1,35 

1,34 

■ 

11.32 

^1.27 

1.13: 

— 


10.21 

2.17 

12.38 

004 

:12:90 : 

1.58 

:i-37 

1.32 

1.32 j 

1.33 

1,33 

;1.33 

1.32 

'1.30 

1.22 

-i 


1 

9.69 

2.77 

12.46 

'ill 1 

11 ! 

002 

12.60 

a.6i 

i 

1,41 

1.35 ^ 

1.36 ■ 

1.37 1 

1.37 

1.37 

;1.37 

;1.35 

'1.30 

1,14 



1 

10.73 

1.4 9 

12.22 

: 12 

|. 003 ' 

^ 11. ■’0 

1.57 

1.37 

' ' 1 

1.35 : 

1.37 ; 

1.38 : 

1.38 

1.39 

1.30 

;1.35 

1,25 

i.ie.i 

^ 

: 

10.31 

L.L4 

i 11,45 






















































discovered during periodic calibration of the meter and was rec- 
tified immediately. 

At one point during the Cycle Life Test program, the 
cells were removed from the Automatic Cell Cycler and given a 
formation/conditioning cycle. The sequence of operations fol- 
lowed in performing this f crmation/conditioning cycle and the 
results of each operation in the sequence are given in Table XXI. 


Table XXII contains a summary of nhe performance of 
each ceil during the Cycle Life Testing sequence. The summary 
is divided into three (3) sections and gives the performance 
both before and after the formation/conditioning cycles and the 
change from the 12 ampere (1C) to the 6 ampere (C/2) discharge 
rate. 


The Cycle Life Testing was teimninated at the end of the 
Period of Performance of the contract. Two (2) of the cells had 
experienced cell case rupture due to a random equipment malfunc- 
tion which allowed the cells to be discharged to a point where 
cell voltage was a negative value. Only one (1) of the other 
ten (10) cells (Group 7 cell -S/N 003) failed in that it would 
not accept charge during Cycle No. 89. 



■PABLE XXI 

■FO’RMATION/CONDITIONING CYCLES DATA 
EXPERIMENTAL 12 AH SEALED 
SILVER- ZINC CELLS 


, ■TEST 
’ iSLCUSiiiCH. 


REMOVED FROM 
AUTOMATIG CELL 
GVGLEP. AFTER 


or EM 
eiueuiT 
VOLTAGE 


DISC■J^ARGE DRAIN 

OUTPUT AT OUTPUT 
1 . 8A TO 0 . 6A a 

1.00 V 1.00 Ai 


DRAIN CHARGE DISCHARGE DPAIN TOTAL 

OUTPUT AT TOTAL | ' ■ INPUT AT OUTPUT AT OUTPUT AT CYCLE 

0. 6A TO OUTPUT 0 . 3A TO 1.8A TO 0.6 A TO OUTPUT 

1. QO V I. : 2.00 V 1.00 V | 1.00 V 























































































































NOTLS: 

(1) Equipment Malfunction - Cell Csae Rupture 

(2) No Charge Acceptance - Cycle 89 






































































































































CONCLUSIONS 


Observations made during the fabrication, experimentation 
and testing performed in this program lead to the following con- 
clusions relative to sealed silver-zinc rechargeable battery 
cells using flexible inorganic separators; 

1. The performance of inorganic separators in silver-zinc cells 
is effected significantly by the method used to impregnate 
(treat) the asbestos substrate with polyphenylene oxide. 

2. The drying rate of solvents used in compounding ceramic 
filled slurries used in the fabrication of inorganic separa- 
tors effects the integrity and flexibility of the coatings of 
slurry on the substrate. 

3. The thickness of the coating of ceramic filled slurry 
applied to separator substrates effects the initial performance 
of cells using inorganic separators. The use of thicker coat- 
ings may require additional soaking time to realize full cell 
capacity. 

4. A positive electrode made by continuous process methods 
using carefully selected silver active materials can be incor- 
porated in the HS40-7 cell configuration resulting in improved 
capacity maintenance during cycle life. 

5. The attaelmient of conductor leads to r;>ositive electrodes 
made by Continuous process methods can be accomplished effec- 
tively by welding leads to either surface of the electrode in 
the lead attachment area . 

6. The formulation, fabrication and application of absorber 
mats for negative electrodes has a significant effect on the 
capacity maintenance and performance of sealed silver-zinc 
cells during cycle life. 

7- The design of sealed silver-zinc cells using inorganic sep- 
arators must relate carefully the desired cell performance to 
the physical and electrical characteristics of this type of 
cell as typified by the HS40-7 configuration. Particular design 
emphasis must be applied to terminal sealing methods, adequate 
allowance for cell stack thickness, and sufficient electrode 
surface area to meet the current density levels of the partic- 
ular cell application. 



